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Coiu uter oriented systems have created the need for a croser 
interaction betv;een nen and computers. this thesis is an evalua- 
tion of, and the resulting system design of one such system. I'he 
main portion of the design is that of the operator's display and 
control console for this system. Included as a portion of tne 
design problem is a computer program for the mechanization of wir- 
ing data for constructing the aigital equipment. 

The operator's display and control console is presently being 
constructed by Data Isplay, Incorporated of Paint Paul, Minnesota. 

The .author wishes to ex;.iress his appreciation to professor 
riitchell L. Cotton of the U. o. ..aval . ostgraauate ochool, and to 
hr. G. h. Grashorn of ..ata Displ".y, Incorporated for their i^a.-iy 
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wan-hachine CoKiuiuaications in a iaital System 

The present use of computers in most applications can be 
classified as one of tv/o categories: 

a. Off-line operations in which a preformulated problem and 
precoded groups of data are fed to the computer along with the pro- 
grams for processing the information. The computation then croceeds 
according to the preplanned program, if all data and programs are 
correct. Upon completion of a successful program, the desired re- 
sults are then dumped from the computer memory to an output media 
for printing and evaluation at some later time. The extension of 
this technique has led to the "closed shop" computing center with 
their various "auto-monitor" programs in which the inaividual 'who 
vjants tiie problem solved never sees the computer. Tiis technique 
was prompted by the expense of large digital computers. The major 
drawbacic to such a scneme is that in writing new' programs or trying 
to formulate new technique^ for solving problems, there is a good 
chance for errors which will not allow the prograi.* to run to com- 
pletion and may not give any indication of the reasons for stoppage. 
The cost of off-line formulation and "de-bu^ging" may be consider- 
able in so'.e circumstances, 

b. On-lijie operations in which the operator is 'worhiig^ in 
real time with the computer on a real tii-.e physical problem. This 
type of operation traditionally employs orogi'ams v;hich are neces- 
sarily complex to take every possible situation into consideration. 
The role of the man in this system has been to make simple 'yes-no" 
or similar decisions and to provide a J'eans of accomplishing tasks 
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wnich ^re not autoi. tecs, or uro ,r ect by re^tson of diffi- 
culty or just oversight. of on-line operation, are the 

military syotems (i.e., >-.Gn, hTUo , etc.) aid iniustrial process 

controls. fne cost of sucii oyste,..c> are lai'ge tne coi 'utei'’ i;;. 
usua.lly in full time use by the system due to the special pur_ ose 
nature of the equipments. 

There has been a recent trend to explore tne possioilities of 
utilizing the best points of Doth tecnninues in systens Unking 
man and computer n.ore closely /I, 2/. In order to accomplish this 
the basic class of operation must tend toward on-line operation. 

By having a closer link v.ith tlie co.-puter, the operator can r..dKe 
decisions at various poii ts in the process based on real time feed 
backs; examine changes in results due to varying in^'Uts or para- 
meters in real time; program and cl:eck blocks of codings easily 
before integration into a more complex rirograra; and cal_ up and 
inspect large blocks of information randomly from a large uer ory. 

In order to accomplish this interaction between ...an aiiu com- 
puter wnile keepin^' the overall system flexible ..<ud relatively 
inexpensive, certain requirements must be ?et: (a) n method of 

time sharing of the central computer must be implemented netuer 
by prograiMiiing or hardware techniques. (b) Display iiid control 
equipments must be designed to allow the operator to effectively 
communicate complex ideas to the computer and to allov/ the com- 
puter (through proper program, dng) to ma-ie requests on or display 
data to the operator. .“he first requirement is dictated by tl.e 



desire to perform on-line and off-line computations interl_.nced in 



time, v.'hile t hie second is essenti-- 1 to any closely coordinated man- 
computer system. Ihe specifications of ti;.e shoriiit, systems have 
been developed in recent literature , d9 . It is t^e purpose of 
this thesis to develop design criteria and to carry out uhe design 
of a display and control console which can be applied to aany 
different type problems. 

In a computer oriented system the flov; of information is as 
shown in Figure 1-1. 

The man-coraputer interface consists of two uni ue parts. There 
must be a provision for the operator to communicate his desires to 
the computer, and the computer should have the provision to display 
results or ask for further instructions, Specific techni.ues for 
accomplishing these functions will be discussed in Chapter 2. 

In order to intelligently use any or all of the possible infer 
mation available in a cojdplex system, the display mast he able to 
select various portions of information readily and easily. This 
means that the display console itself should oe a complex buffer 
and should be able to control the computer's meinory and programs. 
The main control programs in the central computer should be tailor- 
ed to the display which in turn should oe tailored to the human re- 
quirements for ease of operation along with flexibility. 

Display updating may be done on any of the following criteria: 

a. Upon receipt of new data by the computer 

b. Lfpon a real time interval 

c. Upon request from the display console 

Friority considerations in the case of radar or automatic inputs 




Figure 1-1 

Flow of Iriforffiation in a Man-Cornputer System 
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verdao ai.uu.1 ir.,iuts d, uax i ' a l ue ^ivei'. iueratiaii in t ;e ae- 

oigii of -,'ivea equip.'ient. xuere sliould ■je inethon fur overridii-^ 
o^ny preoexected priority oequence nitlio t changing the whole ne- 
Tuence. 

The aiiiount of information on a .^iven display xiuot ce selectable 
by t- a huiiian operator. If tbere is too much inf oixi.aticn or unwant- 
ed information mixed with the desxred inf orjuation , he must oe able 
to remove some portions of tne overall display or be able to exoand 
a part of the display on a secondary display. He should also nave 
control over selective portxons of tne display in order to view 
tabular or other information at the same tii^e a grapnical display 
is being t>roduced. 

All of these factors ^hiould be considered xi. ti.e design, of a 
given man- coiiiputer systeLi with the main ,,uide line^) of the actual 
coD.puter characteristics with vhich it is to operate. 

.Llie bro -d requirement for an input device is that ..n operator 
can reaxily adapt to it :.,nd can colu .unicate his deo^res to the 
conputer in an efficient nannei’. This requires t's^t the device ue 
designed Uoin^ a minimum of controls, Out .'ith eacia control 
uni,uely labeled and preferably :\ble to call ir a uence of sub- 
routines. I'he ger eral purpose (stored program) computer i.s well 
suited for this type apiproacL. ' .y inserting au executive prOj_,ram 
into the r;iet ory, the control keys can be uniquely labeled to call 
out and execute desired portions of the projrai':. Then, by changing 
the executive program, the functions of t'.e con trols can be chaxi^'^d. 
jO by changing the label!.. g of the controls with an 
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-ecia..- ^lur^-ooe control conoci 5 May b .jiiiiux ■ teu . n xa itxoii-.l 
j..et.hod for specifying information to a co;’.puter is tnat of '^llo'.v- 
ing the operator to drav; lines or syii^bols on a iisplny surface or 
some input "sketch pad'. .vn interpretive routine ir. the computer 
uoula then have to parforiti a rr.ttern recognition, curve fitting, or 
other similar operation taei'ore ta-vii^f; action. One other desired 
control is closely liiiked to the display or output device. There 
must be a method for interrogating the computer about a point, a 
symbol, or an ,'.rea on a display for the purpose of ootaining ampli- 
fying inf orrfia tion about the interrogated portion. 

The requirements for a display device are imposed by the user, 
dome of these are physical rei \iirements based on the conotr.iats of 
human reactxon time said visual reoolution, ,;hile ot‘ ern are bc;ssd on 
clarity or recognition of inx ormation '’3/. fhe.je '■ ave been listed 
with a brief expl.. nation of each. 

a. Selective uispl ■-■y capa bility: 

The computer can generate and nolu in ito memory a 
large amount of display i nf orn atxon . The o erator can inteilij^ent- 
ly use only a limited poi tion of the total supply of data at one 
time. For example, an aircraft controller may only be intei-ested 
in traffic within a certain block of cltitaues; so, he ohould be 
able to call in to the display only tl.e re ;.re jentatiou of tnose 
aircraft within h.i s volume of control. 

b. Fast response to coiiL;ands: 

When cisking for a new piece of ij.f ora. a tion on a is- 
play or wnen dropping so,..e outds.ted dispia;-' , tne response to the 



o 



com 




no Uld 


t.e xa.^t no I. 


to -L-lO cui-tiriii3. y of 


O 


nt 


'or 


ti.e 


oper< 


xtor . 


. e should iiot 


've to wu.it Tor t: e con 




lO 


e 



executed d.i:d tl;e airplay chaiiped. 

c. Number and size of the display devices siiould fit tlie 
usage re 4 uirer.;ents : 

In a large systein several individual operators may oe 
needed for specific tasks. This function L.ay oest oe imple:.*eiited 
by using a group of individual operator consoles working-, on uata 
from a central computer and display generator. In some systems, a 
group of specialists tiiay v<ant to arrive at an optit.urn decision 
based on information on a central disr)li,y. r or this purpose, 

lar^e screen displ ly is necessary v/ith a possibility of input ting 

corm.vand^ from one or more input devices. 

a. The display should not flicker: 

The reter;tion of imares by the eye is sue’’ that ^ a 
display is refreshed at a rate of about 30 fra— es per secoiis, , o 

flicker will result. The flicker of a disfilay will be deaendent 

on the storage time of the display eler.ients. i'or example, if a 
long persistence phosphor is used in a cathode ra^y tube display, 
the refresh rate require;iient is reduced, but tne time reuuired to 
change the position of any point on the displsy or the whole uisplay 
is determined by the decay time of the nhosphor. This decay time 
is dependent on the initxal intensity of the display. 

e. j-:esolutiou of the display should be greater then the 
resolving power of the eye: 

The eye can discriminate parallel lines separates by 



7 



intervals e i i :xl to the line ..idth to . vaaue jf w xiiies ^er ee. 

oo for a single operator console, if tne ispaay surface is con- 
sidered to oe tlie base of an isoscej.es trian_,le aju the eye to oe 
the apex of t:iis tri ..ngle (actually an isosceles cone), approxi- 
mately 5 O/C of viev/ing angle is included. This dictates ti'.at the 
display should h.^ve at least 2,000 "bins” for unique storage iii 
each direction. To place this into a digital i-epr esen tati on for 
computer generation tne resolution should be at least 11 oits. 

f. The contrast and bri :htness should be suci: t.iat Uauer 
ambient light conditions, the operator will not be subject to eye 
strain ; 

The intensity difference between bac _jrounJ and in- 
formation should be on the order of thirty to one for ncrruAl usa^.e. 
If the ambient light is higi. , refuections from the display surf ace 
tend to "v/ash out'*' this contrast. cathode ray tube ui3pl.i.y con- 
sole that is designed to operate in normal room lightin.j_ needs to 
incorporate a fast phosphor that can be raised to : ;.igh intensity 
level without producing an extended decay ti:,-e. 

g. Accuracy and distortion should be reduced to an 
acceptable level: 

In any display system, the ideal resultint^ display 
would have perfect registration and focus at ;ell points of tne dis- 
play. This goal is rarely, if ever, attained due t..- hardware con- 
siderations. For example, in a cathode ray tubs display there is 
definite defocusing effect at t/ie edges of the tuce as t;ie patli 
length of the electron beam is longer. Also, the volta.es lo 'ro- 



duce the desj_reu aef ‘ ctior.3 ir a_ electro .t tic af lection tube 
(or conversely the currer.t to pi'’oduce defj.ec Liens in <-.n elcctro- 
nia^Tietic deflection tube) do not vary linearly with th^ ni.jtaince 
from the center of the tube /4/. This le<„us i,o the use of co... sen- 
sation circuits in tne cor-trol circuitry 'vliich can reduce t.^ese 
conaitions to an acce. fhble level. 

h. The codinjr should alio-' for a variety of presentations 

ti.e requireiJiej ts for flexibility enconpass sucii ideas 

as color, size, shape, intciiSity, position and orientation, .-iid 
blink rate as a lueans of attrnctii.y attention. .lost -isplays r - 
quire a set of svi' ols for ra.r.'iial usage. I’iiese .'ould be nuiLcers, 
the alphabet, and any frequently used sy Dols. li a dition, a 
ii’.etnod oi generating lines shouau be inclu'ue- for formix...^ S '-e-i.i.x 
symbols or line drawings. Thcoe "vectors’’ should allov; for Dislik- 
ing portions of tlie length while proceeding along a _,iven direction 
to enable tr.e further coding of iixies into dashied lines. 

i. Phe format for the display shoulu si^it the usa^e re- 
quire.ment.? : 

Sone examples of formats are textual, tccbular, _,raphi- 
cal, situa.tion cr overlay map plus Defining symbols, line draviings 
and diagrams, patterns of symbols to show complex situations, aiid 
pictorial symbols to shov; the statu.s and condition of remote 
elements. Tlie general classification can oe tei'med either fixed or 
free. The fixed format is considered to be a textual ci’ t'lbular 
type where automatic incrementing and positioning of syi-bols is 
accomplislied on a set of constraints . seen- .ni.zed into the h fix* Cx Q * 



'he free 'jx’M: t to • iy i ; t ■■oa^ 'a ''o. j.’ex 

feature whicl. be yenei- ted in t e co> -uter. 

ihe nui\ber of o leratora nd/oi- vleaers of u r.^n-co. ^juter con- 
sole has a direct ceariiig on the requirei,.e to an iiUe been previously 
noted. jr'or displays, optical iro;ection and e.lcctrol'u ;.i- 

nescent yanelo have core into usnue as the size of irect view 
cathode ray tubes arc- United by deflection techninues. x^xaniples 
of y,rcup displays have been discusse in recent nuoxications /p, 6/. 
This thesis ivill discuos only sixijjlo operator, direct vie-;, non- 
colored cat'iode ray tube .iispltiys. 
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2. L’ec’rniqaej for . an-Corr. ute.r Oi '/ -.nicat : on 

^he li.etnodd availabxe for Ji'oduciri-^ coui n^. t ^ .. coi:- lUter are 

lai’i;^ely dependent on the type coi-puter bein.^ used iii :;,.e system. 
i)'’or norifnil coiu/uunications tae co.., uter is in controx of t^e data 
lines, and the executive pro„ran ust sa-a,'le the nossibie inputs ,t 
"projjrara ed' time intervals. For priority comi.iunications , ti.e 
operator should have the ability to interrupt tiie computer and in- 
sert the necessary commands. Jhe nature of any input to the com- 
puter is one of a digitally coded bit pattern dependent on the 
setting of switches or digital encoders, and the iriti- tion of a 
corrmiand switch. ■> _,ood example of this type omnuriication is tiie 
console ty oeiviiter w'^'ich can ue used for ir.i.ut c^nd output. nn ex- 
ception to this s traighti orw ^rd input technique is that of e.. ploy- 
ing a 'sketch pau ' in .vhich the in ;ut taxes the form of !/;ove;.ent 
of a xj'obe over a aisplay or an analog surface. In these cases, 
the computer must sa.mple the allowable surface at . rate fust 
enough so that norm;.i.l motion of tiie probe by t operator jenerutes 
a smooth input of code:l positional values correspondiu ^ to the ue- 
sirea lines being traced by the probe. In the case of a direct 
viev; catnode ray tube, tiie vrooe is a light sensitive photo-diode, 
and the computer pro,,rar' must display a raoter of points about the 
last recorded position of tije probe. The nevv point is recorded as 
a feedbac- of infori, ation of the position in the raster which co- 
incides with the probe. 

In order to produce a visual display on .. catnode ray tube 
surface from a computei' out ‘ut , a cert -.in aii.ceut ch (iecoai. g and 
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orwCGajiil ; aot iccu vr i O- ' rir.cit e -'uire- 

irier ts by the diof/ iay -evi ce ;.or e ' ,xece of i. for :..tioa is ^ 'ed 
are; (a ', oosa t±o;a\l i: forrnatiou, - .e., X j:o : or ;,o •- ith 
re;: ■ect to so.;.e I'eiereuco oint ; (b) co^e< i i'oj'.’.^otion specifying 
character or line type, intei.sity, and size of syiribol or len^^th of 
lii.e. The displ ..y circuitry must be able to decode this inforiiia- 
tion and convert its n.eaning into the necessary deflection and 
intensity signals to produce the desired symbol at the specified 
location . 

The symbol forr-ic.tion si r-jis must be superimposed upon the 
position-"'! dijflection si rials. This can be accoir. 'lisoed by voltage 
or current sum;, ers in tne analog defrection circi..itry, I e methods 
of cate porizin.c' the various techriinues for symool generators have 
been listed in recent publications /7, , f/. These are dot 

pattern, scanniiig r'-.T,er, w vefoi'jhs or stro/ie.;, and shaped beaias. 

In tne dot pattern rethcd, tne symbols are r.ade by pcsitionin._, 
tne beam to a sequence of <iositioiu'. definin.; the sy. ^/ol. At eacn 
point in the secuence t’le beam is unblai;ked. r.ie re.jult is a youp 
of dots oriented to form the desired symbol. The forma bion may use 
a cell of computer memory for each point displ ’.yed as ixi tne rDl -1 
console display /lO/. This method is lii.iitea in syeed to the Syced 
of each me/Kory cycle. ,n analog method for generating tiie Jot 
pattern has been devised v.d.irl- manes use of resistor nt tworis /ll/. 

combination of scanning and t’:e dot method are used by the 
Licoi'atory for alectroi^ic ■. i.. their S.-: symbol generator. j’or 
t.iio ."lethod en.c ■ symbol i.i the set is j’epre .).,r te,> by a seacctable 



ii:atri.-: of a!,:aetic coreo. cf cor i.i x '' a t x x i.txon .'here 
a dot is to Oj/co tr in the cli..rHcter. Tlio inati'ix i :cai...eil by ro -o 
while the beam ir. unblanked as a function of the cores. 

A vax-iation on the core sc.ainin^ Ojste'.. is the 7lJi .C ''I-/. 
£iacx symbol is again represented by a oelectaole . ..trix of . atretic 
cores. In tni.s ejierator, the cores are „ositioneu so tr.at tney 
make a double outline of the desired cuaracter. 1 .e selected 
matrix is then, scanned by rov’S, and altern.ate core.s turn tlie bean 
on and off. This cru.ses the fi,.;ure to be made up of a .,roup of 
paralxel line segrnnts. 

fhe scun.nin . netho:'' of forring ch<.racter5 can be i . :le,., ... ted 
by using flying spot scx.r.ner techniq ues '1; in t^is method a 
fixed - ize .■-earning i-aster is moved to a soot on the e. eiutor tube 
wl'iich coincides vith t.ie de.sirea craracter or .y.rooi ■ la > . fhe 
portion ■ f the beam that goeo throug h the ij.s.Sr' is foe -,_oc' on a 
protomultiplier, and is si rial i>: oT ’lified to control t e in- 

tensity i.Tid of the 'Ji&p._ay tuoe. fhe scan pattern ii.ust ce oi-p...r- 
iraposed on the positional inforiiation for deflection sx^nal:. fhe 
coKioination of intensity ann ceflection pi’oduces the desired .symbol 
on the aispiay. 

'."’■e stroxe method r s been used -.vith much success in tiie 
"Calliscope ' of Lincoln Laboratories /l^i , 1 ■/, t’e symbol ^enera^cr 
of Straiid sngineerin.y Labor-' tory , ar d t'^e syotcl :ener'..tor uf nta 
Display, Incorporated. i’be r-ethods of cer-ivl. g the defj.ee tion -ana 
Intel .sity sigt.als for , .c of t. e e tec'sii 'ses vary con lider . bly , 
but tie results ach eve,I are ti'e same. f -e sy .ooxs ..re ,.o l cd i.. 

1 
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unblanlcin^, the ooa.u ,t a stw.rtii. ci. t or e_c cL-r..ctor ^.^.d 

tue v.'hile it X5 unblan-er,. ioaie cOi.i^ii;^ s i. ools re- 

quire nultiple un Dlaririii^ ■ ud t. larikin , dui'in-- the loirration :eriGd. 

.Lue shaped beaa method is used extei. lively in the ruilit-ry 
display systems (..^AdiL and ;,i'ds : . Ire oasis o f tl.e system is tne 
"Gharactron'' tube /lo/. he tube has a character mat . ax within the 
tube envelope. The character desired must be selected by position- 
ing the beam to the associated figure in the mask by a s; aal 
electrostatic deflection syster... The bea;i, is purposefully ue- 
locused to obtain a large cross-sectiona.1 area, and the shaped bea;i. 
that ets through the mask is in the outline of tt.e selected symbol. 
This shaped ream is then magnetically deflected to the desired 
ijositioi' on tl'e display surface. 

A coL.parative ane lysis of these systems ha.s ..een accoinpaished 
by I.owe , hisson and Horowitz /?/. Two systems not included in tills 
analysis are the "otrand” genei’atcr arid the ''Ihir ' _enerator. liie 
respective times for generating a symbol with these s; stems are fo 
and 6.6 microseconds. These rates of 26,000 and 150,000 cuaracters 
per second compare very favor'ably with the other syste.-ns. 

In addition to coraputer generated displ rys on catliode ray 
tubes, a common method for the computer to convey information to an 
operator is through coded and labeled lights. These are extremely 
easy for a computer to initiate, and providing the meaning is 
clear, can be an economical and efficient way for t' e coniputer to 
alert the operator. The main drawback for this technique is the 
relative inflexibility of the feedback and the possibility of 
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C. '■rater cul-iusion if therj are Cn excessive n';!,.ber of ii_*ita 
tiie control corusole. 
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e ■ : 11 j c ■ i.c t ' 

e t^C' iiical .':i ei. j.^r an anvti- ;e/ ■e-oo- ;n ai con- 

*j X Jui <soj-g j. 0 1 uLc /i 'iial onti'ol and . n ccuia bion -jo^noi’a— 

a. n laJ LO»n.*r 

L 1.^ unit will provide character and symbol dioi)lay 
S’acilities t<^ ethei' vith provision for direct dts- 
■lay oi' r^ ,dar video si .^n.il'j . in addition, it n-ill 
function co provide for corj.unicaticns between a^,. 
opierator and a ceritrau co;.. wiser 

H rescc.irci.. and develo .Jineii t coi. tract’ vas 3 ubr,e uently :■ w r led 

to t ta .Vwsplay, Incui’ jorated for t.iC ...e =i ,n lO, d con.struc r. ion of 

t e un i t v.liich has since ^ een ..esn, nated a.^ the the a .t.ior 

wor ed in conjunction >;ith . r. ,ene C’rashorn hsta aio ..^ay, In-- 

corsoi’ated to si ecify and desi tlii.i equipnenb. ho i-e.iain.ler of 

this tresis i.'ill be uevotei to the actual desx.-jn o? t!je on-. ip. 

'he ss.^tem i-e uirerents i.re uict .;teo. by the equipr.ents tnat 

are to be controlleo. oy or input to tee ij.J-sb. i.-ere a.re three 

distinct :..o<.es of operati.^n inferred .y the re , i.irements : 

a. 'i?o input radar ij-for-ation and to provi.e for ( 1 , uis- 

Dlay of the video in a .hi I’oriiiat and ( 2 ) aipitizlup of any video 

return which !.iny .^e deter...iiied t' 'e a t,'.r,et -.y a oetection tuiit 

so that the computer may a t cpon the infor.vi.ation . 

b. i'o alio, t'.e o.ocralor b,., enter inf oi'.,.atd,on i r to the 

coi l Cuter • 

c. 10 alls',' t e cof,. outer to present d-. t.a to the s isratoi' 
in toe for;., ci svi.bois on c ti0..e ray t'ube or by :.ra'.'ixi'j atce:- 
tion to certain in out '.eys by a ..y 3 ts;i of lights. 

. I . ootton, rachnic.nl hequiret.erLts sumr. ary , sipital soriirol 
and automation Laboratory, pp. 1 , ^’cb., l,;os 

'^'■■Avy ontr,c.ct iT'b-sr .biVo 
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r e folxo XU ra^ .^r ..i it c^rri3 inslalie ' -,re to act as 

inputs to the syste. : 

.-^xi / ^ ^ XX 

O KJ 

12 

ao 

i;ie^e radars are i'.._.t Ilea in the nain i-adai 1 c ra tory , ai.u c .e 
i'ollowin;^ ini'orinutj-on ii.ust oe iTiade available for u^e in the J -b^. 

a. ,-Lzi , uth information 

b. "iiain ban_," or ti* e of pul >e ti. ns'.ijsion 

c. Video retui'n si.;nal. .J'icn vill have any tar ets alor.:- 
./ith noise introduced in the nroces , 

d. Hei^- t ii lor. nticn in the c .re of the .ro .... .iJ .o. 
This lo_, infor- .tion Liust re converted to "i it;.* mfor, 

.or aisplay ..n J furt. er trar^.er to t/ie di ,ical proce.j;ora. 

.‘he digital coi.-futers i: co.r' orate.i in t.*e syste.. are ... .tarye 
scale scientific coii, rater, t e .ontrol natn (. or noraci '.-n 1-.-04 /l'// 
and a small aata processor, the Control Jata Corporation loO /!.. . 
These com ‘:.uter s communicate v<ith external equi pnient by parallel 
data transfer lines which are cotiti’olled by a sequer.ce of control 
signals. Also, an es.sential part of the system, is the Control A ta 
Corporat‘’on lo07 magnetic tape system w; ich cont;.iins circuits for a 
''Satellite" operation bet eer. t e IhO and the loO^' /I 9 /- 

i.n order to perform ax. ov;tput from the corn'.utcrs to nre of a 
nu-.ber of peripher.il equipments, t o following sequence must be 
performed : 
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a. 'o '.'i.jiic i ! xona e .ta^ ir ea ■ t,i t e 'ie .'re i :] j. -nt 
(exclusive of axi ot icrs; by a codo> so :.e c b .;i;;,-nal c.-rocxo Oil by 
ssi -se sijnal to deter, ,ij;e if equipment is av^.ilaola. 

b. bata transf eri-eu to output lines, and a si -;nal oa t put 
ready is sent to all peripheral equipinent. 

c. i.ie selected equip cr t (only) reco;pi zes tie re;,idy and 
accepts the dat , .uid at tj e -;ai. e tire series an o ut ;ut re sui,.e 
signal bac.-. to tne coiiuuter. 

d. The computer, upon i'eceiot of the resume si ^.oal , then 
drops tlie data and rea dy siq:rialo and prepares for the next vvcjrd 
transfer, if any, or erely continues or t e intern '1 ro ,ram. 

In order to er 'orn. an input to a computer froio an exte.oiu,,a 
equip!',. ent, t,T.e computer r’o ra.i! .oust be v.'ritten so t: ,'.t xL loo :s to 
see if any e^'uipment l,as data ready for input. Tnis ,'iust < e ..one 
by coded xiense responses \r.ich must be built into the peripjieral 
equipments. T.l'e computer, uion r eco, ,r.izxr.a, the source a. t.ie 
presence of an input word, then sendo an in^iut reques t slqinil .nici 
si^yiifie,. that it has acceptea tlie data ... d allows tl,e oqui rnent to 
drop the si nals for its dat.; linc'=. This sequence xiust be repeate. 
for each data 'vord entry. 

In t .e loO^ an aoditional ituut .lode has been utilize. . x .is 
is tt:e intei'rupt i„ode. .ti is interrui't j.iode n'ust be resel^cted by 
a select code in the . ro;rarn. "f the selected interrupt occ. rs 
during tl:e pro ram, the pro raj:: se ,uence .is ' .Ited at ^‘ at oi.it. 
Tiie addre.ss t t.ae tij.'ie of t>te alt is inserted in, to the ... , re,^s 
j,'Ortion of the upper half of word nu.ober seven of the cO; I'uti.r . e.u- 
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cry, -.nd <a ju p 


j J.€r 


t . e X . c t - 


• 3 -ic 'er 


h . 11 f CO X. 


. ud -xf 


ord 


nui.riher ceven (note 


X t 


tile ic.'h Xx 


iJiLli -l6 


auiJress , 


6 

c 

0-> 


,, arid 



,,er vord co-iu-;! ter Zl?//. Z e oiuory cell nui..ber even 3-ouli be 
3et up previo'-.sly to prC'^e > . tiiO i.itorrupt . < i,; co:.-in _ ohould 

place ur joii rit^ou il jump co^' ■ j. & nn .jctti ' .. v'eu of t -';0 .oi' 3 

tue c duress of a restored ocorcu '.ine in t:.u . (f^re . ..oi'tiui,' v/x 
t* e lov.er h.tlf Ox’ t.iC ord . i.iis ;a'ji'our,ii:ie xiust .rittcn so 
thxt it ei.uo . ith an uncouiiition ^1 jump lg edx nu...bvr .'ven 
ri:us , after at ving been interrupted, the oubroutine f.s enLerc-d, 
and after processing^' the interrupt, the control Cx.n I'etui'n to tae 
prOjjrcim step ici'i viis being processed at tie ti. o of tJ^e i^. ter- 
rupt . 

r- ese then ar ; i.se ph;, ic;,l i-ales b_^ .n ic'.; t'.e as- b s de- 
3X ;ned to _;ei’fori;i its unctions of Cx^/.ixol tri di la.y. 

Certi'iin othei’ con. iderat i on^ jn t i,e . e..lr; (.f ,.’le..i . u. iy , .e 
f'ulness an i realisability ' xen served to uictatx, t' e ■'. etho * ,'..f 
usir^ t. e casic ci'iteris in t:e ct'- '.1 systx. de ’ r, . a .a >.ili 
be listen tis a coL.^ectio'n .jf en n orii decisiciiS t i'e..son- 

ing b<-niin thei.. . 

i . . a i 3p 1 ay ,.*iii j if ■■conta-xn^i.. ii*e..o.ry unru. ..i*. . l e 

c^uijeuiei’jt s set for tiie ..^f ireeiii com uters xi'O.- 

const. .nt usage in refi’cs’'ij.j:i^ the displ.ivs. Ine re . uirei.'iei'a'. that 
the uisplay oe refreshed every p' milrioecv^xids in ordex' to c 'tain a 
’’flicker free ' display is one t!t,..t is oet uj t.ie responst time Ox 
the eye. This dictate^, tnat if the display we e to aisplay text 
of 5,00u cnaracters at six bits per character, then the .it rate 
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would be ;^o0,o0 w ji”to 'Gtjoiid. _L t 1 .U‘ , if onj_j one channcj^ 

active, iias a riiaximup tr o-jfei' rate of o.bout ’J,0o0 forty-ei^ht bit 
words per second or acout 2, '^•'00,000 buff^-red bits per second. Tlie 
IbO Las a transfer rate of about ?0,0 0 twelve-bit words per second 
or about 9 ^ 0,000 bits per second (unbuffered). ihus, it is, seen 
that the l 60 can just barely do the static display at the necesoary 
rate, and if any change is needed in the Gioolay, as uould ne the 
normal case for moving,- radar targets, it could not u.aintain 
steady display. The l604 is not as critical as it ha^s a buffered 
output, but it still would be taxed in its buffering capabilities 
if more than a single channel is being used. 

The use of a self-contained memory also frees the luu4 from 
the control subroutines which must be returned to ii: order to re- 
start a display cycle. This allows -ijre pro.., ram tjune for computa- 
tions. (In a real time air traffic control system vjith iwach one 
aircraft, the computation tiuies are critico.l.) 

T e memory pac.iage chosen was .a 10i4 ■: 24 bit ferrite core 
memory, licensed from Control >ata corporation. i; e sj se wa..; 
chosen to compromise between tne 12 b.it I^jO and tiie 48-bit loO'v. 

The cycle time of the memoi’y is o.4 nr'.croseconds vj icn is less than 
the 6.0 microsecoi'.ds required to uiSj^._ay a character. This allows 
a new memory cycle to be completed v/niie the last c.iaracter of the 
previous word is being displayed. Thus, for all characters to be 
painted, the total tin.e involved is: 

( 6.0 microseconds per cliarocter) (4 ch-^racters per word) 

,1024 words ^-er cycle) ^ 2t milliseconds 
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t k ks 
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Control aata Corporation loOf nia^ntstic 
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floor of the <_,ineeri:i ^ -juildiub. liie oiitrol .nd Jiuto. a- 

tion laDoratory is j.ocated on ti.e fifth floor ;irectiy a o/e the 
coKputinj Centex’. fie v^-c 3 -i.nd the x^oirrol data x,orjJoration loO 
of this system are to oe located in thcxt laboratory. Usaje re- 
quireii ents dictate that the 1 ok .-.'ill not oe av; ila.. 10 for at 

certain tixies (pending the incorporatim- of a pax-iliel .ruces.jinjj 
monitor px’o^rktm ) . !■ is requ.x-e.: a lockout be vailkxLle 'ox- tie 
loC^i . .xloo, the loO n y be re uired to do falx time xrooeSoir.j of 
r=kdax i ita for ti^e IhC-. , .e tns -lata x 10 . o'io'.lr le via t e I0. 7 
satellite .;yste; 'lx' kii epeadent of the ..0.-0,. .xysr-e . .0 .-.i x . 

lockout -s xefuxrtxd. The reoi;ic xs tne xncox’por xtioik , ■ ' a se- 
lective mode for usin^ tne s; otem. 

a. 1 .-U- k.-j Ly (' X 0 locieu cut) 

c. oth (>'oth com.r.xters ec.tau-i^li co ■ u.-x o- .t _ ox.o 3 _ch 

the oj-00 . / 

c. Ibo only li oh iocvea out. 
his is realized b;y a. mode s'.-I tch on the lx. ,ic c lu .JxS. 

he bas ic f or.xat fo r f 3 . ilay infori uux n ..miould be se ■ o-n c ial 
c .r. t hii: uisol^-y ahos.ia inclaae vectors :s ■. >- i xs c^^ ^xy c t ,rs . The 
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requirei ' ei. to a. v a., doiy .. . i. tc '\iaei e aiia '■;i. .l" lor e.^cn 

piece of inf or., a-cxo:. is.layed \Jo ’i.v at firot oee;.; tjiat ; iui. at 
should be as follo./s; 

X vosi tion ' Y po >i^on ^ _i_nf^£_at:^on [ 

The norffiiil uoaye of ini'oru.a tion , ho 'ever, shows that t'lerc ls 
usually a relationship bet'veen tdj .cent ieceo of :in£oi'...at o*.. xi 
tne normal typed text or i tr -n lire ti- ,t ;ia3 been ^.'uher ■ M'to 
segr. ants, the location of tie iiex't piece o. i/u'ori-.at i^i rs i. cre- 
nientally connected tr the previous one in some manner. i'he special 
case would then be toKen us the cari’iage return fur tue ty e.-t text 
or the end of a line sey. ent in t.he ob.^ve ex , Ics. jo onl,/ \t 
these positions would an abso.ute location bo le 

In t’ie case of charactei’i, t ,e normal j..ode £o to i..-..-e ent 
from left to right. fi is ...ode, aloi'.g ■■.;'it . aj. incre. entiug fro). 
to dov;n , has been incxuueu in the .lesi-^n. 

In the case of vectors, sever" 1 uethoas v, ere examine a. .L'..e 
gener...tion of the vectors is to re under co.'! uter control so that 
any format usin^ Gii,.ple coi-.puta uion s ...oul., c ^ ' eeu. The folio. ,inp 
v;cre t 'e three possi'ili res. 

a. liven a st.rrtin^ position, let the conputer s .ecif,,' a 
completely variaole hi . and 

b. oiven a startin , . o.jition, let t- e uter o .ec_fw ^ 

limited number of A.<1 and aY in a c.dei. u. 0 1.- 1 t • 

c. .iven a starr-, - : >..._Lt..- 0 ''. , Let t.ie coo wcei s _..ify Ax 

and Y\Y in 45 decree j-ncrei.-en ts i.. coded for. .at f -r . 1... _ie ■ -.a .eer 

of lengths. 






i.ethodo a. and u. both re L.rr c ier.i or variable length xaCi'e- 
fflental counters in tneir construction. also, method a. jiceas a 
completely variable intexisity compensation over the line length 
variations. ilethod c. needs incremental up and aov/n counters uui^ , 
but needs counting rate changes and intensity compensation for eacli 
length of line to be drav/n. 

Ti.e accuracies of ruethods a. and b. are greater, but tney 
sacrifice packing density, and they require a greater i.ount of 
hardware to construct. 

Using this criteria (also iieeyin_, a six-bit coded vector ,ck- 
a^e to be compatible witn the character coding size), the design 
incorporated v;ao that of ueti.od c., but allou'in^p for an extremely 
short vector so that the error could be miniwizea if t; e accuracy 
was needed. The use of incremental counters also ma.'.es easxer the 
sequential desit^nation of vectors for forming continuous lines. 

The requirement for both claracters ana vectors dictated that 
a bit be set aside in eac. string designator word for "mode". The 
details of display couiii,^ will be covered in det..il in Unapter o. 

There should be two display t ubes, o nly one of . hich is a 
direct slave to the radar inputs . Inasr.uch as this system ia in 
part ceing designed to allow investiu-: .ition on various di^it.l pro- 
cessing techniques in radar detection, the use for comparative 
displays is desirable. One display tube Liust be available to air- 
play video information at an;;- time betv;een t'.:.e "main bang" and ti^e 
maximum range time (if r -dar input has been selected). during Cnis 
time, all display information from tlie intern .il iaeijor; must be 
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I'erred to as iceybcurd tv/o. 

The ciixracter .,eybc;,.i i lo ■ eisr--er^ to a -..y ix._ .jun . x - ... 
lieyoocird i.i-.de xp o I ol : tde ;tand.xid n’lraeraxs 1 aoet, 

alo.’.g 'with special c x:,,.- ACter ; tc cciilxte tne 'By'- j .i ' . . ic.se » 

c'oards ard their coding i.'ill r : ;xven full tre. ■■ c,.t i; . a' .-r ?. 

Ctner i.u nual inruts reouired are a r^ngc s.,itc’. tu v.,;j.i,ccl tlie 
dispxayed radar presentation and ,,o .e .xet.hod for lcc...tii. x-i 
identifying points on the di.splaj. i'cere are twu „ci on ...etnc'S 
for accorarii.ojhing this f auction ..u. _;it, i.x.y ; 
a. iraCK ball 

!j . i xoto electric Ix^xt jun 

In the trade ball . ethod, two shaft ^,o.iition cuco-ier.. are 
placed at ri ;ht aiigies, and a ball in contact .it'i loL.. ucouers 
allows the op’ rator (by roxiin., tno call) to ositicu the e..codei’S 
very accurately. .Oix.al sill .. .ve tc e ■ xGplc.yea under prc.p'aia 

control whose center is locate^! at the X, x pooition ^i\en b, Ahe 
eiicoders. ThwS, b/ cal-in p .for hue pro jra;.; tc. aicpl .y tr jc- luJ'. , 
t'.e syun-ol nay le ceiitered ov;r uny ooint ■. l ..terest, t"c. 

second aubroutinc thx.: ir.j. cx’rr.atioii ..a^ ■. us..' to ...ter ne'7 in- 
f or.nic'-.tion cr find a ...e or;/ cell v. .ich co:itai,.s this .oii u car ■ .x - 
poses cf Cj.uhc,ing t e ixaplay. 

['he raethod of tj e li^ht ,_,un cxccon' li ■ e.j tl.e 3.-.i..e , ar^-xse, ■.■ t 
it is positxoneci b' uno ever a Jjaplcj, :v- t. en the li^ t .iei.n:- 
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acc racy is eaoj_er to use. "’-•sed ,pon t; is re _ niji„, a trsciv salr 
V. ;S used 1 a tie 

T' ne .-isplcy sho uld ..llo v/ fe ..ux i lii o r j- o utput e'ljri.i .el to 

t iunp rj'dar da ta. In or.-er o obtain .est .! Li-.ii:,'' ti wn o c..e oorn- 

p ters, i . , to let tae.. ■ i.oiu.- r ' t tion , at ■ s :el li:.,.? ie<^ 
uj t.Le pro^.rr..,' .. ( jtiout .iteri-o tioiis 'o ■ .^ea-iii^ i.La), a 
il_i..ry chausel to accept che ce.itizeu ,v, x (..n-; Z onv,nt ./ith 
minor ; -.oait icationa ) h s ocen provided. r. buffer r:‘S'\orj u.iit aiu,‘ 
associated control circo.its S'. 'uld 'e :AOviaed bet'.ee.. tie radar 
data, an-J trie coiuauter assigned to do tne processia i\.e radar 
processing com. uter car t^-en cailj, for targets at its o n. rate. ' -,e 
buffer ineiiiory unit must tave a fast accea.s time in order to accent 
targets at tne i-a e c .e <re rece''n a Ixoi. t e .'a.-rs. xhe access 
time needs to be ii t..e :)rder of 1. ; i no n. ..o;i Is jf target... a"C 

to oe mi . ed. This r et.uire.-ie ■ t cr.. 1: a .r.et b;' de . gi.’- L e t .;er 

Ui it from standard flip-flop 'ire jit . is i -■ ec n..c iciix,;/ 
feasible as the morl .oi e ' or.l/ m2 .t_ , Oi. i t e i ;.- V er f jiwr 
a-^e .ioi 'S i.eeaed sliound be s. all. 



4. Ccritiiacr:. tiur, d . ech.^LlZcit^ .n of oes ; ■ ,ii r roce-..u ’.I'O 

In order to desi:_,n iii >tax equii^nicit ts to hive Tib’<- co'^floonent 
pacHiing dei.si t;, and at the aame time to allow for ea.j.y . .^intain-- 
ance, the coiu^'Uter industry has developed the follo'.ving t echnic, ae . 
The circuits to be used are specified in terms of type (.ulse or 
level signal) and speed of resporse desired. r'roQi t' ese re jUire- 
nients, a family of circuits can oe designed o' ich are coupatibre 
and wi.ich, by interconnectior , can perform the logical functions 
AND , OA , or nOT . These circuits are then placed on j.jrinted circuxt 
cards eithez' singlely or in small groups. Ihe systea'i desi^nei' t’len 
need only know the parameters and liri.dtations of ti.e family of 
logic cards in order to specify the interconnections necesoory to 
design a particular eo ui pr.eut . The construction is tiien completeu 
by wiring the interconnections on a chassis .m.^de up of logic card 
.^ocnets. In this way all active eremcnts are on the removeable 
cards to allow for easy replace., er t of a faulty oir-uit. 

The logic card family u^<ed in tie de..ui_gn of the jm -^5 is 
mainly tne dcntrol .data horpozu tr. on tgpe as de^crioe.. in tt eir 
i-.ani’als /17, l8/ ana re .oz’ted on by u. - . I'arrell /20 Inese 
cards are designed to operate at clocrc rates up to f'.ve ...e^^acj' cies 
us level signal invorters. The switching uelay is oetween ^0 and 
100 nauoseconas per card. ..adit onal cards h ve been developed ny 
Data .dsplay, Incorporated for tiie special uoos neeaed in uivDi.jj. ys . 
l.hese are in two main categoz'ies: (a) Di^^ital to an zlog conversion 

caru.s for didving the display be. as ;u'io (b) a fast set j 1 cards to 
work at about 20 i c for ti e display' of di 5 iti 2 ei r..s ,r inforiaation . 
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J06-11 JOB- 12 AOO 1 TO NBOO 2 Ii\CHES 

JO/'-Ol L0M-0"> A005 TO AQ02 B INCHES 

J07-02 JOS- 1 1 A003 TO NSOO . 2 1/2 INCHES 

JG7-02 J05-05 A003 TO AOOO 2 INCHES 

JC7-0S GNDE A003 TO G TCE o2 INCHES 
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5>. iiadar I'cnvera j oj. U it 



The systeii must yeri-ri the. t^^o ,r to fu..Gtiors proviodoly 



descrioed in Chapiter :i , 


i . a 


. , (r) th. 


t o"' ; Irect Jisplay 


of 


i npro- 


cessed video on a .. i ,i n. 


.1 r 


, . ; ■ on. 


• i.i^'lay fobe, rd ' 


:b) 


■,u.at of 


. ...kinp av„.ilable to the 


CO' , 


uter tiio 


.'iii, 1 ijifor) , ti.on 


on 


a radar 



retarn if it i.:- .oo.>iLle tar et. 

^ne re uirement of a re'il ti.._ .''u-.ar diiciay praces a restric- 
tion on tie use of t' e .’nay for corip ter oiuerate,' inf cm. aticn . 
The poi'tion of time •;etvveen .tart of svieeo t..:c the a. .i.. lain ranine lo 
be displayed uu.3t enerate a si pn il to loc' o t -i.ry < emory e'-'or- 
ence 1 to t'e uiiolay. is a re-su.t o' t' is re .t 'ictiox. , tie lysteni 
ha.3 been desi,,ned to ine.j.ude t .’.x .je.'arato i oi c t: at oiue 

is .-ilvia/s available for computer e; era ■ li ;■ 1 .y inforaati^ii. 

Pie normal displr-v infor. .atien i t *' e .. e. ory is rirecte, to t.x 
de^i Slated display tuuu. .'e tu . ; are desi ,ii'ite:i b” fur left md 
"1'' foi- ri(^ht for ruixo e. of co .. a..d. . lie c .cice of ■.I'.j.c.i 

tune is to orescnt t.ie dis l._ eOi troi e... p,. L e . se of the tuoe 

desi nator bit in tii.^ co.^in^ struct. ire 'f ich will i-e uiuc.u, :ef 
later. T;iis "tube bit" control.s t e intensity p i sf t -e uesi - 
..cited tune by enablin,; t e 'u..f an circuitiy" ts n rn o. . 'i.e 
electron bcs..' . 11 , it .let.; tie con ition .’I'; f . . isolay 

deflection si _,ir Is to Li e ..ie i^r atei tu.io. ■ an r . r v j infor- 
mation is desired, t.e r iiije . t.'i’ "s .laced t^ t . li.'te 

r.nje. Tie receipt sf u. " . .In -o . t a rn • et ' a f.".lp>- 

flop ./.lO -e output is u xcl tc :x... ve c. t. jf ^ e 



■jet’ out^jut f j e 
counters to input to tn 
analog curvertei'S. ’ e ' 
t e co'/puter gei.ei'atea 



1. ' j Ox. t .,e iio. Y i i j x raaai' 

■o xtioii re -jter : oi ti x ital to 
■ict" oiitput .loo ’'dijab-; " the o.tput oi 
.pia;.. ii.lor...,.'.ti.jr. , .vcn t tune " 



-.ay be .ieoi.(_,iiated to o.o lo infci ir t.ie radar 

.ode. .. len the dsGijjUi.ted naxxmun ran^-e I. ;,s been roic ea, £i. .jX,_,nxl 
is generated '../nicn "resets ' the flip-iiop. Tlras , tr e iricemal 'Iio- 
pi inxor.'t.atioii ca:^ nO’'/ be .axs > xyed on tube ''0" until tiie . ext 



”^.ain ban.^-". 

The range sv/itch se.,tin,t‘;S ai'e snown in ri lU'e 5-1 along aith 
tne til .e required b;-' the rad .^r to .•ispii-y e’..c;i bea.ii, Ihxs is oasxd 
on the propagation rate of r.aar . i nal,. oei. ,, . Mcroseconus 

oer rxiige Tne vie r Ci.-M'ac . -ristics of tx e vjncl ..iiieu 

radar-j to be usex . ith the :;.'.jtor, are .onevvn in . i -re -d. I e re- 
.inder of ti e tabxe ix ■! le ,:-l '3 :i li.stij, a me rnr .'rtion 

of lir.ie rer.ai.ving .or inserti coi.. utor x.,er.ated : o ' i xys to 'iiC 
tota.L a.!. cunt of tii'..e oo ' ..'.a.,e. ih.xo in ■ or:.-', txc n ,lio ,xd oe -..isex 
\7 . 0 ii writiix;^ syoteK pr-. r n.is to . ,.i..cr.'L: j ..se target inro xation over 
a i'o.;iv-r aisp_x^,. . j’or ex x. xe, i. ■ '-in.j txifc Oj -j- 3 .,'.._tli tne xul.jfc 
re,etxl;ion rrcqu...c, u t. r-.- . ....loie.,) or sec^ri',. -an' tie ran.^e 
ovxitch set to od miles, tiie avaxlaoxiity oi tu'oe "0 t.o the - 

ateti di -i.alay xs of t.ji tXiXie. ■ 'lis ix iicates -^i-at tixe inj-'-ir- 

iiiation snould be i^ritten into the .;io;. or\ at too nlaces to inoure 
that it xiilx be oiijpx ..ye.,. xhis technique oi tixie .j-ov- riiig xiii.ito 
tlie amount of information t,fiat can be jU eri. .po ;ex on tne loi:i.,er 
range j. The .jxd-Hx places a sli ^ itly ..ore .jtrj.njei t _iet >_ re- 
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horiauiitai • a ^t'n ,'y 3 *5 

(in ae..-r:?e;i 



Horizontal taL . c:n a to oi ^.ntcnr.a ? to 1 . tc ^ 1 lo 

(in 1 ovolnt j_o:ir, j«r .*:iirnte^' 



Vertical oai- .,i. ith .} , .1 

(i,. cie ,rec-i ) 



uti. 1*^1 or. ,ation .vail ::le 



.;. I .L L 3 O C 1 L - J- ■- e e — . . - : 

j'-‘i.c.iro c o : - 'JO. 

yi^(. ,x‘o 



^oak ovver 10 3oo 

(in :\ilxo.. ti,a> 

rulse idth 1 k 

(it t Lcrosec^ixL..£, . 



.'ulse Repetition I'Tequeijcy 130 , JO l .-v./- oi- ^ 

’ : c.^cieo .;er .sect-nd) 

..xpccted i. j.,^e ;2 ' , 

\i.. ' les for j. .^quaro etei' i, r et ) 
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q^.^rs .11 eiit.) o t,o . >la, tx/ '"ii-j than xx t-,'e lU.- 

cla.'.sified ra .= ra, 

i'he .TietliOJ vx e. i -tixx , ti >: radar ''.-..■ee;- ri, ai. u- a.,Curata 
ax.irr:uth iri*OL ..tion in the fcri- of . A ft ^caition fro..i the 
radar. ihia x^haft i.otion ..lives a di ^ital .al,:ift t.j ji: enc ..sr 

v/i ose o itputs a.,'e slxie jzf ax'.a cosine A e outpatxX ... vj n -ac- 

curacy of teu iii.i _,r.it .de bits ,.lus a -.1 xi tit. f. ese .;ua..aL.,rG 
values are then '..;u_tiplied'' by a series of ra.i^e p.xlses in suen 
a .'anner tiiat counters being ariven by tne imltix_ioro hoi., the 
results n(sine - i, and .(cosine jzi’) - X. , .en t e r?n ;e counter 
reaches its .i.axiriium value as deternined y the ran.^e sv/itch, the 
ra '.ge counter is cleared, and the X and Y counters .ore tiien dis- 
connected from t.he di ital analog converters by the 'er. .,1 j ra iar" 
flip-flop previou ’ly descixbed. 

f is teciinique then descri.e.x a reuar lis x'xy r-ost’-j.- o. e 
fox-rr. Sx.ovm in xijnre b-3* Jhere ^re 1, n’+x separate 'bi.. s-' i.. 
anu in Y correopondin,;_. to tne 11 its. 'his ,ive.s a pos'itle 
accui'acy of - 1 nautical ■' i on tie mils u n,,e .iitn -x. :.,x. 

accuracies increasing, to - 7.1 : aru on the four ..;jle ran^_. U' e 
actu.al accuracy of t-Ox. vi.ieo display uithout a video roceo... r ii,- 
corporated to use only the centroid of t. e radar return .is r, -iniy 
limited b;/ ;he pulse .idth of tiie rad.or used. fl'ie pulse 'laths 
range fr6a one to four microseconds (see i igure 3-2', v xth a re- 
sulting pos .ible error of approxi.-.n tely - 1/12 mile to - I.'.? mile. 

Tie heart of thi.s system is the range counter- an! the Oocil- 
l.itor driving t e counter. ■'’he clcci. frequency required to ifotain 
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T'le w.ivf for7;., : f 3ucce.jjivy jo 1 

3)iJ A in t le auo'/>, ra.ster i.ro ar.^wn 
Delo^./ . 

X iJefiectiun \/olta ,e 
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Y ue. lection .olt 





-^i^j'une '-y _jXi*iri jle cl Lhe ui ,i' .x u .oten 
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' I 



i-r .uuce J tv t:' e 
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Ihe accuracies needed o au.7- • cue i e ^ .itca I ,e.' e ablcs 

different bit positions of t.ce counter ' tr the race i,iulti- 

plier ..'hich results in full scale deflections for the c osen rai. -e. 

The r..dar section of the lOjic is tne unit that detei'niinci tJie need 
for the ne'.v series of fast Cc^rds ^iocussea in chapter k . fiiC 
sv/itchin^ ti.ios of these loj- c cards nere required to be nuch f .srer 
to reduce spiaes in the radar video rast'^r caused by tne c^xiry ,.alse 
in the counters '..hen ti e nost si<pnifica*.t bit cnanjes. ( ^ee ni^ure j- ■ ) 
These spikes (or "blivet. ) should be red^xed in width enouj,. to be 
insignificant by the f.,xt cards. 

The requxrement of 11 bits of accuracy Tor the cizi.i.uth infor- 
i...‘jtion I equires accuracy to 0.17' agrees. ■. e azi .uth in f orir.ation 
available fro - ti.e rad’ rs io in t’e Toi c. of oO cy-. _e’3 :.-..r secoiid 
syxichro ^ijnil-j. the .i-d-b and _> J-26 L. ve t/o-s .eed -ync. ru 
•oysta;. s v;hich f ve an accuracy '/el^ wittia t:.e 11 1-its specified b, 
the e.. coder. T e . P3-o nd jt o-ic- have OJ.ly a oi-o-s iee j synchro 
s^-ystem v;hich coulu have a luanic-Ui.. .xcurac', of abo'Ut 0.3 '-'.i i oxx 
frora the components. It is evide t t. en tnat the avnilaK^-xe -xn- 
x'acy of be..irii.^ inf ori..<..t > on 1. not uite rrec se en.j.i_,h for t:e 
Gysters requirements. ■'^ne otl er , ronlem in thin system is t .at the 
torque and inertia loads of ti.e s., .ft positt.oii encoUcx’ le ire a 
higii gain oei-vo-s; ster., tx . r.' ve t .e ..riccder. In ordex’ to furrish 
the K miitiuni accu:i .ci at : citable , c e; levels to t. e ' codei'' t oi 
each of the rad ir inputs, it r .xassary to c avert tie incli'/ii ■- 

al ixdt r Tichro o.xt};..,ts to a siru.e aed, ■. g' xc r xy Sveocro 
o -tput fruiii t, s rad. <x’ s itch ,anei. •. e c. i.Vortcr t'. c used ioi- 
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x’.ie c-r. .-j-'.ii exib ^ ei -i ■ i itc^' n,C' : f o .e xi.ci t 

xn t-<e order bit -- xti r cuu.jco a carx'j n;,t ^ii Ltie x 

oixifci’ bit ;Ooiticns. xox' .. ^xe : i- a chauj^e of tiie Y counter 

iroi. JJlllxlll to 010000000, tv^o posoibilitiea i. a/ occur if the 
circuits concerned nave a lar e uif Terence in rise tiines. 

1. xiie carry cits may be too fast rc-sultin , ix: the value 
of vJllilxill fox' an instant. 
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The cany 'cits may be to_> slo'x resultin,^ in tlie value 
of OOoOOOOOG for an instant. 
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xxgure --4 



formation of ''blivets" 
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ti'-i3 ij a "syncLro ler'. i e unit ±3 a i.,t. n,xj.r.i uvy ouppay 

servu syote.ii Licli accen t i Oi , ■- r two speo ■ w nehre iiii'o ''..latioii 
furnishea an accurate ore eed ./nc'.iro output. The output ia 
Sj.ecif.ied to be a 4oU cycle s., ct ro si^.nal for t' e lorig cable run 
fro... the . adar Laboi’atory to t .e ji^it^.l Coiiti'oi -xrA, ..utorat^on 
Laboratory. 00..1 ercial ; i h ,, .ir oervo 3yste..i ia to oe p.,rc. ed 

for drivin_ trie encodei- unit in tne l',-o5. 

The rei.iainin^- requi re. .ei,- 1 that the di ital rr dar infoiv ...tion 
be made available to the computer hao been imple ..sated by t,,atin,_^ 
the 11 bits of X .nd 11 bits of Y to stora.^e registers upon re- 
ceipt of a signal signifying tr.e [,res.,nce 01 a ...ossicle t.arget. 

This signal will be penei’uted 'rom rav.' video by an automatic de- 
tector which is designed to tui ^ 01 - vrhei.. certain coniitions vre 
met, sue) as amplitude, slope of signal eiveloue, or coiii'cina Liwii.i 
of nir.e and ampl.itMde. n e •• tudy of optinvm auto-iietect ron unit.j 
IS to be one of the prii.iai ^ u.oe of t -i.-. syster . The Uecj^ction 
units are to be fncricated on sL.anda.rd computer car .s ...iid 1.... Cj.tioi s 
for these circuits have Dean ieit in tie oper itox‘'a console of t .e 
d])-..p. 'hie ty^ie of deuectoi- oeen desx _,ned and build Cy' 

jj. R. I’rig^ps. It is a tnrenrii.old detector wiL.u c, voit.u,;e variable 
false alari . rate. I'nis unit vill ce used on initial te.jc.j an-:i xs 
cocunented in a .se_.arate rerort /?!/. 

In the system desi^.^i. it w.iu i.osuuej that either tne I'.-O or 
IbOh coux.i be called on to .rocess tue radar data; so t“e X and Y 
registers v.ere ueuig..ed to be cul'. lone se^.arcte y i t/e com.,uters 
insteaa of jacking them into a d“*-h-t 'for-. T.nis alrcvs the 1.. 
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wit., its X -bit \<o. .1 o M' t le t t e pri :e.jiii , oo v.ith^ut 

excej^.±ve shifting of bits. The re ue.st by ti.e coiuputer for rado.r 
inf oi’i -oilion sets .. sto. cotntdi- wr;ic.. .ill se ■•.once t:ie A .'11, a teen 
the Y information xn a two-word Kroup. i.,e coiu^outex retrain aiast 
be tailored to tuis frou -inj^ oy usiiii_, a star.^-^-xw.. blocx input ooxx.-^. 

Provision has been left for exten lin^^ tue oteo Cwuntei’ to a 
three-worc: radar sequence. this was dono to alio'.; .... tiJ.r i '.iora , 
containiiig- oo;..e eas^re of elevation an ,le or . eiguit inf or...ation , 
to be sent to the computer for proce Si:i;i y when usi-x ^ the .Pb-26 or 
SP-J-.;. The output register of the .JJ-- .;p ' ..3 . i >t .its 'set x.side 
for this purpose. iue i. plet-ex taticn of this 'ill e;-t'.i.L v analo. 
to ji^ital conversion of tue r.xw data ■'..tc ci l~t bits of ni^it 1 
information and provide jnto controller b t ' 'J-^rd ooUot co.' t' e 
step courter to enable the lir.es to t..e oUt :.ut reisLer (see x‘‘i ■; 
ui'e 'j-5 ) • 
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b. jjesi,,., of .. ructer j.J V^ctux' ; -.ior-i. t-j 

f'be .iisplay ot t: g cii I'actai's ai. i vectors ' ' pej-furiued 

by cyciin^ t]iro .',,h the oe Lf-containea ine/'.orj in tbe a)-by. this 
me. ory size is 1 >24 x 2 h . Tr-ei’efoi’e , i: order to I'iil tnc e.:ory 
with infor j. tion, bid 'oc u '>'■ bits each .cu_h be rtsc . :i red fro.', 
the Control ) ta '.orpor.tion 1'.04 or , -bh ords of 12 Liids eac^. 
would be I’equored from the -ontrol data Corpoiaticu IbO. Any u - 
datin^j of inform .t ton CiG Co m uter. to the aJ- . 5 bi ea .o the 

display r/cle, bub -ave. t.'.e .chlre.. , of „ e lext di.ipiay wori, a..d 
continuer fr^j. L..e ri e-n idi : viftei' t. e rm; ir. fo,o. o.' io.. is reted 
into the me., ory . 

Ti.e bo.oic length of e orm . oe..ea cy t e aeco i;. ^ lo ,ic 
is bits. I'Jiis re.quire:. en t i.s dictated by L.e fact tin^t the 
nu!;iuer of bits needed for control inf oio .atioi. , oo..itlon, aim :i.'.\res. 
are more than ti e 24 bits of t..e ...e. cry wor . This ti^en _iaitj the 
total possible number disj lay '..-ords to <12. 

,-.s was mentioned reviousl^ , t..e fox. j.ticn of the cmract.-. rs 
or vectors are _^rou ed into "strin ;s’. .l.e first wor.l of eac 
strinj is ca lled a 'desi jr. ■ f. oi ix^rd'’. (see i-'i are .-1) This 
furnishes the cortrol i horriation to the ceco .l-O^ic to 3reo...re 

for aispl yin^ the in..h r...aticn . f «o c'naracter.s o" vectors c.. n also 
be pa.cked into tne "desi-p.ator . Oxil ' to ^.r..^vide f ast upd tin^’ of a 
movin'j .sy-bol. ixia folloo'ir '■lu" u ■ to tne n-.nt ‘ ■. esi^nxitor 
V'/ord" are considered to be trir^ words. llhey Co.n ave i p to seven 
cha.-acters or vectors pac'. ed into eaci word. i.ie reason foi' us.inr 
only seven of the eip; t possible symbols is the nee>.. to be .able to 
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node; 0 - char . cter (erxoa.ei3 xc ic to decode tne cx.ai' cter infor- 
. latioii CO jOs ) 

1 - ''./ector rr,.. ..c ( jn...blco lo. ic to riecov'e the vector iiiforoa- 

/ jLOn ) 



iube : 0 - Oitxpla;^ the stored information n le^'t tree 
1 - Di.spx .y t;e stu -.i inforj..aiiun on ri,;ht tixbe 
X .nd Y pooitionoj. iniorination i foritei .y an ei.nt-oit ‘'ab rjlute'' 
...agnitade coae '/..‘ith a ’xixn bit ...duea to ir-axc,.-'e .lirectioi. frc;.. the 
CO., ter of tiie tune ( .. so. n .li.t is positive .nd 1 i ^ ne ,at ' ve , . 
initial ii.euox'y a xroo'--; of ju~o j i.. .st ■ ,;':;cil'ied or e: c ■ ;tx'in_j oy 
a 10-bit i.i.ix'eso code. f' e stern .j ci ci. . ecucivo cx' : . is ii.cre- 



..oatea v/it. in the lu.^ic. 
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unique.!;; recogni^^e t!"ie deoifjX.a toi- bit 'J'' . _hua, ti.e "n" bit riuot 
reci.^.in "0” ii' ail .string ords. 

In order to r.caice corrections or update any nart of a stx’in^, 
the whole corrected string .'nust be read ii:to the display ..etrxory. 
rhis is due to the incremental . .echaniz.- tion of the addree.-; counter. 
Onxy the desi-jnator word contains an address refer’ence for t xe 
rnerriory. Once a string of display ;ords has been set up to read 
into the uiemory, t.ae address counter is incre:..ented as each dk bits 
is acce ^ted. 

The desiuixator word also co.itains the initial positionxrgj in- 
formation for tbe strin, Tne initial position of t-e strin.g is 
specified by nine bits of ■ nd nine cits of Y. Phis allo..'S a 
position to be selected to .ithin 1/512 of the usable scope f .ce. 

The usaole portion of a 12-inch diameter tube is a square raster of 
about 0,5 inc'es. This allows the po.sition of any symbols to be 
designated to within ,.i.Ol65 inciiOn. 

fhe choice of tube to display the information and the rn^de 
(i.e., c 'Oice of whether the information is a character or vector 
string) must be repeated in each word of the strin. 5 . fhe appro- 
priate coding for these are saown in Figure w-1. 

The vector node and the c'- aracter incrementing portion of tx-e 
character mode use ti;e -same logical packages. These are a pair of 
nine bit position counters. The X and Y position counters are in- 
itially set to the position specified in the designator word for a 
string. The outputs of tnexxe counters drive the .xosition registers 
of the digital— an.ilo^ converters for the display tubes (see Fig- 
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ure -1). -L it, cuui ters are leoi ried tii- t ti^e coat.;x-to oe 

couiited lip or uovvi. or l ox, incre;i.e.. te.; oe on the coiitroi 

^ei.eri.ted in t .e decoain-^ lo ,3C. Tins, the -.iiiOant ij.ncl 
irection of oenm iru.ve.i e., t in detei’M.ine b;/ t. e individual mode 
d e c c; ri i n c x -T c a i t S , 

The vector i. ode requxreo on. y initial ;Oiition irn'orui . tion 
from t..e design. tor cord. xLe for»-i tion of . line it> et rtcvi by 

unblan-.inj tre beaXi ciiid tliei moving it . oirection and di...to.nce as 

specifier b.;, a aix-bit vector code. The beumi in tn.en ''blanr_ed' 
v.'iiile the next six-bit vector code is broi.i_/ut into the decode 
lo_,ic. The seruerco is then re, e '.ted until tne next desijsn,v tor 
word is encountereu. This technique projcces j line by starting 
each xiev; segment from tie end oint of t;e last (see ligure ..-l). 
The blan: words between t > e eiin of any information and t ie next 

designator v.'ord Cr.uses no ;ro’"lem ao the '‘O' co:e in eili.er t.e 
vector or char, cter . oue ..s not unhl.-i.. tne beam even t*.ou^.!'i t .e 
position counters i.:..y be mcre;i e -ting. 

The vector dec. ae lo .ic sspai’ates the six-bit ..ode into a 
t.a'ee-bit •iirection code, a tv;o-’oit size Coue, and an "unblani." 

bit. The direction code allo./s for eight _ ossible ,iirectiu/s ..hic i 

corresponds to ir.cre-xents ixi direction. The size co/e allows 

for four xjossible segx.ient len^-ths. The unbl ink bit can be used to 
form dashed lines by allowii.ng the beam to be bl...nxed v.diile still 
following a prescribed vectoi* p^.th. Txie vector codes xire sXiown in 
Figure G-j>. The direction code determines the operation of the X 
and Y position counters, i.e., u.’.ether to count up, count down ur 
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not count. The lejijth code et-jr ines ■ len to otop increr-entiiij; 
the counter... The ixicreruentinj^ rate i.? 0.4 microseconds per pulse, 
and the nu;;ber of counts ?.ust ijicrease in proncrtion I’/ith the line 
^.ength. The longe.st l:ne ien ti .'ras is eluded for the purpose of 



econofiiical drawing of ordinates. (1 e line, t e lexigth of t e iip'it.x^ 
raster, can be packed ii to a string of two w.jrds. It is felt t:int 
t.he smallest increiaent -.ill al_ov; special sy.i.nois to be iiade up 
from coded vector strings .ithout being ixicomroa ti'ole it tke normal 
character sizes. 

The character decode logic is considere.i to be proprietary in- 
forc.ation by Data Display, Incor horated . The jeneral technique is 
one of tiicro-pcsitioning t.ie bean in relatioxi to a reference X, Y 
position on a 5 X 7 i.atrix. fhe ro^ic is entirely designed from 
the basic inverter lo^ic card.s. The c.aracters .ore formed by raov-- 
irg the bean amc^ turning it cm .ad off under a cl^ck. control .ho-se 
pulses occur every 0.2 mici-om ; coiids . .he character rate is deter- 
mined by the number o.f iucreme. t-s reeled to trace tae : ost complex 
cha.racter. jor tne Sj.nkccl selection of tke .)o-op t.e number of 
increment.! required is pu. s< s. f- is sets tie ti...e for '..1 splay 
of one char-icter at o.o . lici usecon is . i’his ti-ue incli, ios t..e in- 
crementing of tie reference position to the ..ext ri.-xr-mcter location 
(see igure 6-4). 



Ixi addit ion to t..e initiulioi , inf orn-ati on renuii-od l.j tt^e 
designator Vvmrd by both tlie vector .and chnr.'ctor -lo-es, t..e 
cnaracter ...ode requires some adniaional infermation on .size ...i.d 
incre; enting. A conveiiience intensity control bit is included to 
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allow for j ossible f it rc .o oto ,i i. by tec niyae .,/uc coni ' .l^. s 
lar .e uantitfe.? uf ’inte j text ■. e i • ... tl" recor.,c,.. l. r 



later pro ecti.-r. .le dir.-ctiGii of D.- crei t.. tin r-.ctor.j vitiii: 

a .itrii.ij X..5 KOI'. to . .oft to ri . t io xi 

for ,-Oioi xe x .‘ ..•xiii , era s r oi-. t. , 
beer; incl. e. . i' i-,- ; ■ s i.^y i. . r o. 

c n bi at i. to >, .e . in - i ;i .e o i o 

CO .. .1 ;x.i t.,' c an ri ot ■■ c...., rt.^ ...c ..Itn 



n .1 **creioe^it 



v-r 



e o i ,, 1 



A c.ounter. 



5 V 





>1 


.h ai\r. 


,o. .._on x2 bi a, 




, it- 




1 1 


■ coj-.iretation 




JO 


IV. cter 


ii iijr C i O 


l/‘.2o of fiilt. . 


flection 


ji 


j Ai’actei' 


size T s 


1/ A of foil ic.<le do 


flee lion 


lu 


C..ar; cter 


size i 


X ' ' o x'ul oCOa-o de 


flection 



li'C-’e exiti:. , .nfo..';.. tion (1 bit) 

.ode I . t -,'x i r-^ tat on 

u jLiCi^Oo - L '/a c:i,i:' Actorv, are i.n rei. eatocl to t c ri rt 

1 ,rcce-.oive c:i I'aeti-.'- ; .-r ^ inv.i'e, ertc; v-,rT.ic ,j-l„ 



Ir.tenoit^ J • oi’i- tion (1 bit) 

Code In ter "i~eta.ti rn 

0 i-urmal int.,ndity 

1 -ui^ater taar. nor;aal incensxty 

.,f X.-.: X 0 usa,jO of t..eoe c.arxctei' control co.iefs is n in 

x'igure e-1. 



•Iliaracter Control Cooes 



> k/iiV/ ^I‘U 



5o 



, . JOoi,^n of tne In.'Ut, anu .control j.,ctiOi.o 

jn order to oejn. it tne reauii ci..i,r to u-'. Cnaptei' ■ tc ... irav. e , 
a GUitablo sut of 'ailes in tie ^orin of l 0 |-_ical circuitry ,i!ut;t be 
desi ned to allow for ‘*:ie eotaolr..i ins. t of corri! unications betwean 
tie V riou uiiits of t .e • u.teui, ;;d the collection and tr .r,.ofer of 
dat between the je units. 

The Got -biio wneiit of com. , ur.ications ..ith the computers i.o 
accon pli-=uea within the -tiundard .cruet .re of oarioe .nd selnct coin- 
I--.. is of t.e Control lata . .rpoi-ation loo and luwt . L'neoe co;....ands 
ati(3 t. e control oijr.nls have been d.., cumente.'i in t.ie company ... 

^1/, 10 / and ,.ave oeen inc....ufied as .ippenoi x d to t..is thesis. ^.il 
x’efei'ence to coraniniid structures will he made in 'oct..l" notation 
instead of tue actual cinur-y not,.tio;i. ine re. <ire; ent ci..-t L..e 
computers can ce selectiv t.y loc e.. out of the s“stein .<1 ;ces on 
aonitioiiol re.striction on t e deco e ■‘’ui'ction^ . it s decided 
that in the individuil cc.m'utei' operatio.n 1 o.es (i. , liO o.i l,/ ol- 

io "I only), the .-,e.L-ct cooes for the oL '.or computer V7jal;i be un- 
i '.ely J .00 co. out. In the co.i-.'^n.id operation L.oue (, ’.'cth’), tue 
re.jLrrctions ..ei'e lifted, ..;u l..e cuia uters c n cr’oc.s seiset to 
co.ctrol tine flow i.,f in .ori.iatio.i. j, ;. r exaruple, it i.-. un.joioie foi" 
t..e 1 jU t... select ... inter”upt co. , tion for t!ie i ' .. tnis moae. 

■ he o. ly arbitrar;’ ■.ecooion ccmceruS the flo.-i of .... .ai .cn^n..t 

(i.e., eyboaras, true, call .nd i-a.i.^c svvitc ). n.. t .e 'oot-i' ..one 

aj..L manual innut . elects are lA. o 0 d o O that t. is ■'.nput 1.0 the 

l..oh. 

i’.ce ne. uest for x.;i da-r .ation or ..cLion oy a co... ter js inui- 
cated by a 12 -dc t external f -rction code ceirp'- 



truiiG-mit ted to all 



eri^.h^;ral equi Ci.t aio* it =!■ ■ .-'jitru la ->ver tJ; ir 

:ieafi.rj.te lines. /i-orn a .;tuay of .1.:. u^'Jes aa j-f^ned to cict;.'.l r 

^jro|jossd ijoripheral e^uim.ient for t.e cu utcrs, it v.as foui.d that 
tiie seiie.^ of co 'es was not desijjn tea. fliis 7 h--- soi-ies ,c 

ci osen as the unique code scries of the '3. 

In ordei' to continue furtner into the >esx n >_ f the control 
structure of the 1 ) it next became tjecessnry to ^^.-recisely de- 

fine bhe various inputs and outputs and their inter-r ..lation^Lips, 

The structure of the aisplay words to te tra. . if ei i ed hroc; the 
computers to the )j-u5 has been de ;cribcd in Ch ptei’ o. These a.re 
the only data channel in uts to the system fron the com utora. The 
transfer of the "sti’injs" of displa,/ informat 1 is to be by normau 

computer output bloc.cs. The .j-j 5 ’"ui..;t, t, en , have t ae provi .d^on 

for recognizing coniL'..,.nds from tl e con.^^uteir, to select ti i.. truiis- 

fer, ana to set up a ready - resume'’ sp'stem ■^f si,,;nals to oci.troi 

tne input of the aloe of .;.nf on..a txon . These t c t.,-anGf'.‘r c ,.nr..,j.s 
have no restrictions s.,t cn tlei;i c ot er dat..^ .des of the ..yste , 
but cney should be ...L.tual.i ..7 exclusive. 

The aigitized radar i n;'or. ati c n is a sequence of worJ.s fr^uj 
tie radar channel to one of three ao/iible ter in.,1 ei ui >.) : ents , 
i.e., the lo 4, the loO or t e ,mxi_ iary c ■ t..r.el. The seipiej ce is 

controlled by ct counter nhi;h successively j -tes in 11. e 11 bits oh 

X and ti e 13. b ' ts of Y, ant- bias provi..JOR ."or extetr>i g this to 
gate in eight bits ...f eight in for. .a txon . The e ci ;ht - its of 
elevation ivxlov; .n angular resolution of aoout 1 '4 .i ,ree. i his 
se:i.,.ence is tri ^eree by an exter.. _.l_y orod^'ceo tui' et pui.se . xc.i 
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L munuf::.C';Ui 'r. tU vi' l La c rcu . r, in- 

put entaiit; two levals ' selection to be i, .nie bj t e ^eltct co,*e 
-isecl. i'r.ese are; the c oice of oj e out of t a'ee oo >ible 

ter.uin .• ti ono for t. o jifor; i .. tion -oid (b) L , . ;_c c tion of cJ.ocept- 

the r-.ciar i.for,. tion excl-sive of all ctner inputs to t;ie 
Di-op e-ccsi't fror; the coin uters. 

The ^irouyi of r.anual in luto :'rom tie operator' j console c...n 
only be directed to the computer assigned by t.,e i.-ode nwitci (as 
described in t'lis section'.. This .laces t ,e re luireii ent fc-r only .. 

single in'ut solection on tiie select co e. The .’'..;lo ctio ■ is to be 

exclu.cive of all ot er rorial ir n;t selects. 

'1,'neee is one ot er inioue innut necess^.ry j.'ro . tne J- ■- to 
the Control Data 1 rnci- -.ti on 1' . . This is t e i-espcnse tc o. 

''status j;'eque. .t". TLiis response t 'could be selectable to ttie ex- 

clusion of all other inputs when ti.e pro r^.m on tl.e l 60 checKin , 
for tiie occurrence of conditions at t*'e 5* hie resconse is 

coded into a one out of twelve response. In this wap', if ; ore than 

one recognizable condition i'.as occL.rre^’, tree i-ecyonse will incaude 

them, and it is up to the loO ro ,ram to coecic for the coridi I ions. 
The "status I'esponse" selection is disable! /..hen in the 'l'<04 only" 
mode. Mote t.i^t the luh4 operate.-- t’ e ensing of conrlition.s o: the 
perinheral eouipmont in -x different manner. It u .-es a ...e .'lar te 
control si^pial to denote that toe condition .as been met. 

To expand o-. the ;..anuul in:'uts, t o follov.'in ■; ' e .arate .^ieceo 
of inf ori-.ation are generated: 

a. X track ball 9 »its 



ol 



, Y c axl 



c. ver_:.ay 
• J.V — tcY 

e. ,, iiboi. -,e,;'oo'.rd (r, ■inljfi- ±. , -ibG 

i' . C.^ritrol ke 3 'bc'..x . (r-uu j^r dj it.G 



The X and Y trac* ball iiifoi'. ition lao oeer. .. de 3c .arate. ' 

selectable to ':<ee- t: e j:)-b3 output re sistor to li.e .>s than 1^. bits 

so th:^t tne sajiie ^utput re ,ister and us£i 3 e rules may be = e:' by 

both t ,e 1 >l 0 And lb aa , The overlay ar)d the control cybo .rri ’ . ve 

been cornine ’ i.^to a u ne-bit output, as t..e ..e‘ ho of i nter ...erti-. ^ 
the courr :nds of the control heyv.a.r.i, i . le erih^ort on the overlay 
v.iiich sn^Uo-d control t e I'o- ra... .n^c.a . f.c ranij,e S 'itc ..-.-id the 
G^moo^ i eybo .rd e treate-> indeocn. e, tly. 

The i.oC of li ht fee.itacKs to t.hc connols operator (in con- 
.yinction ...i^th, the control ey aru/ : ictoteu t . . nee. foi' ....itio^. 



select oov-.e re--uire. onto. fl e„e select codes re . ed to L ir-i on 
or ^ff any of t li^.ita a.^ oc ■ zeJ. i^h the conti'ol eycoarn' . 

T'lere is no r.:jtrict'on ori t e u .e of these se^ectr> as the. .ave no 
inter-actior. wi.th e inp.,t . ;.tput . . 

one ot'jLer nic-.e Oj, oper Lion to be injorpumted r tc ' o' 
the Jaite.rrupt feat -.re jv . liable on the do; trol data (h ■ ora t on 10':. 
The.)e selection.;' reed not he uni'-' e or o.-cl’. .ive n t’ e aort.io.. o’ 
t’ e j ro r ,n;. entereh ..hen an interr'upt cc r ca:. ae node t^.' 



n ich .. i tie solecteo in.eri-'apta , - : occ .ri-ed. 

.1 .^ericral dii'.ja" i.i of c control function circuits is shown 
in n'i ui-e 7-1. .l core let.iile hre . .an .i. iv.n in i . i-e i . 
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xl 



to 



p r* ci d . i -L is ' L : ^ ' C ^ ^ 

a I'.axi.j.tin of - ^ 

six bits j.; t. e I . or ' c ■ 

uai. oer o" ^ i.i.„oxs iic'^ e ft, r . ' 
;oard, , a co. -'i’isun w .s ade c: 
vari ,.uo ro i". r. li; , lanj:- - ;2 • 



l' .2 . ± 



' J. 



ordo/’ w jt.i’ i-.L 3 -CoS r 
•■:. t u.i. ei o-.e , . e ^ ;i >i :j~ 

. s; , ,3<_ ts , e ired fui- 

o. ■ ■ rx wH. i. : e i I ■ - 



ly x. -2 ./ -u.r o t e 

p'L.,.er CCBO' ..i.d f e il eb.ai:; cot.yil :^.! 

..x' IxC /26/, .. d o V ''27 . I ad ' ' tion to L ^ 

. X i al.'o I ..■i.r;,' !a, ii ciu e cei'tal. few' 6' .i > j 

■ I’e "carria.^e re t _.rn ..1 



lae ;s uv 






.. /2-, \ 



i' 1 J. e s e 



. ,'acc . 



c oxce ..'1 



Icr c.e lo ;'. (jds 



■5 



2 t,.e ..riter'i t . c .'t 



t.ie cot.e JoLild Le desii'. doJ e . i..e coJi.,^ tii t ov ivov i- 
sion of tlie bi.sic in ..r;, '/ deu decimal ' (''oo) .dLi'. . ,.s 



I ost '.i. Lit ana outp.t e,,uip/.o; ts not hi vir.j a pi’cvixioa for jr 
and xo’./er case. Jne code " 'd ' v.as not aOox ,.ec. an input synocl, 
out tne ' ey was i...:xU led on tl.o . eyooai’d ; o i.t ca.. act a.> an al:„r- 
j.ate o'-^ce code. this allo./eJ oi. ,y, 'cvls to -le assi ried to the 



re .ainir_j cuoSo. i.e final a .i^rjiient is u.m in x'i . rv> 7-s. 



physical layo t 


of '' he eyboar 




3 i to sea 


.rate tro t ■. 




i-ajor functions 


ol ts t iTi 


3tan,.ard. t; 


/pev/ri ter 


. -1 


a 


tai.ul .r tyoe nun: 


ioric eybo r • 


ere J'or e t 


by '■ a':in_ 


■ tl .6'. I . 


■ .r 



of n different color t mn tie s .scial leys ...roun ^ t .ex'. fhx- 
shouid. allow easier identification of Llese areas of the xeyboax '. 
for .■■•.ore efficient usv ;e. fhe c^ -ney xoybo ^rvi was bou ,..t 
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Ob 
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24 
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07 
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bl 




50 
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57 
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17 






I 


71 
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4i 




'<t 






iV 
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i'i ,ure 7-2 aynbol (J: ar ctei- ^oies 



o-ie 



65 



f 






cte ac ;e . Vt it O'.aj. -t ic .3 i r '.^r^te. ^ 3 t c nn t 

CO,..' atible '."it c e 're ..J,y - re.sui.ie" o .Is of t is . ..'.00 

.veyboard j.ayout io onoon in -‘i u.re 

Jhe t:ontrol <e,/boord ( ".eyDoard no... or tv'o ) is a collecti on of 
function desi^^nators . T'.e oropo.ed us .jc for tliem is for calxiri';^' 
routines and subroutines „ oi' ai i in con.sole u^a.je. inis -ceycoard 
is ilso closely associatea ith the jverl ,y an..i rhe 1 jht fee .1 .ack 
features. ^here -re t-:ree ^ro.i'in^-s o-f s\.itc e.v in thi ,, control 
eybcard (see i^uro -5)* !• o f^rrst vroap is a 20-s .itc .at'ix 

.mich i.; used in conjunction \.ith the ovei’ia’ . . i'.ie notions _.er- 
for.ood b,y each s itcn are en raved on tb.e ' l.....-3tic overlay anel 
hich fats around the '.itc es. f: e co- puter cicn ixa. x.i-n.-.te 
selectively any sa itcl; or .3'..'itc oes nnuer r&__ra.. control to resent 
a i^uided ciioice to t,.e operator for uis actions. ire ei t over- 
lays av.iilab_e i;ive a c oice of syste.i pi'o,,ra. call.tole fro.', a 
si: . lie Horary tape. i‘he .second rap is a ten-.-rwitCii unit /j.ich 
is axoc under coi puter control for li-ylit feeabac.o. L'ne. e ,..re not 
,oSQci''ted v/ith changeable overlays and o.re intended to .-Mriwr;'. 
.unctions ■.vhicli are co; .aOi. to aj.x ov.,rl ,ys . or irmt.ance, one of 
these keys could be l.abeled "diSslay trac. ball .^yi.'.'col on left 
tuce'. fhe last ^ro^|..' is ■ 'ia.iioiid of fo. r svvi.tc.e'i . ..on ..re in- 
tended to be usea in e.iitiny sy;.;.ols. T ey ca b.o u led to .cbiv.te 
rout.' nes tc u.ove a i....r\ur ov -r t e f .ce o.f f e display . j...is 
..o.ri'er cu.n be usea to indicr.te tiie positic.n fui' ..riti-..^ or crasin^ 
the next c. ai’..cter. I. e ,, ovo:.,oi.t co, ..need e, tho'e sv.'xtc '1.3 is 
intended to oe incre. e;.tal in 1 : .tore ..s oppo..;ed to t e "cor tenuous" 



06 



j.atL.re f Ijio t c . x.. . i^j.sse c ,ro iut-i ta x!;,i 

tne corij^.uter cxiitrollcd xi ..t feedb>..Cj. i’c ,r, le. 

Ti.e codii f ;veyooo.rd riumber ti u '.o -■ de i;p frotix x ioae 
hiatfix waic?i vva3 ded yi'a i lo xxe I’.x, nin ■ u... n ...ber of aiodes. . -le 

co.iini^^ of these ey. is shown in .. ijyu^'e 7- • i'he depression uf a 
<62’ in keyboard two sets up a ready c> noitior v .icu xs xeld untxl 
tne cornm.ter sairiples tlie lines and releases the reji^ster. The over- 
lay code is trans-ittex along with t e contr..l • eyboard code en 

the input from keyboard numler two ‘s ampled. The overlay cc ie is 
generated b.y the ^reserce .r a.rr.ence of a coi t ,ct Oost in t- e tnree 
bit Ooitions of eaci: overxay .xn 1 . fl is ailo’.;s for c t e 

overlay code with : ci nxipe of the overlay, and snce, to be c^c.Le to 
cl'.ange tie labels associated with e;-,cn of t .e hO s.'itcl-es in t e 
liiatrix . 

The X nd Y tracnball generator : are nine-bit ni :.ft ositxor. 
encoxers wnose outputs ox'e ix. ' G ay Cjde'' / ^,k./ . The outputs re 
converted to binary cu'xe for use in the computer. This coordinate 
information is alw-^ys avai^abo.e r '.id need, only be selected t.he 
coi..puter to sample the vxl^.e. 

The radar dis^.lay ran e switc is an eight-position snitch. 
Toere are seven selectable ranges and an off ■osition. e codes 
are shown in /i 're 7-^'- The ov.'itc ' as t ie o.,al i. ’notion of con- 
trolling tie rad r vi.-eo presentation and pre,viuii g the com uter 
-•/ith a measure of ran corrclat on fei- . aoii.g computat-LOiie. on 
target position. The e:h,_re operator's onvulc is ol o .Xi in .. 
ure 8- . 
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Off 0 

miles 1 

? rni 1 c s 2 

miles ) 

.iles ^ 

s-4 miles 

12'i ;^iles L 

2^--^ ^ iles 7 



X ' x e 7 -4 

xxiU^"e oi/’.tci /Ooes 



o9 



1 



I 



I o I' til t cil-i- Xii tilr. ‘ i. c ^ ib o >o< oXl g to 

3.-3oij^n oGXcCt 5 lid oGi-oG a Oj iii. SSX^ii G l0(j-Lc« -L.-O C it — 

Tunctions \iere ndded to tue jeii^.e iind intcrri-^’-t ' nc .. f .^e 

were tne 'Ceya 'oarrix^e ret u'li ' . ,iia "tab ; f eytoard one. _.ieae 
were inoluded aa o,ecia-L caaea .ii .eyboard one r the ^loaai -■ ty 
of proceaain^ a . ord or a .1 'orda on a r'i.inction.1 conmv.nd 

iiiStead of proceasi..^ sin le c -.-.l' ,c ers. The sense codes are lifted 
in Tiyure 7-5. The aexect c; ea re listed in i;;ijres 7-h and 

All the function codes are in the 7XiX series. T e .jrir'i .ry 
decode is done by c,. eci:inn, f jT the coincidence rf a 7^XX ard oiie .if 
the external function signals .'r.^'., t;e corn utoi’s. Ir t>ie ''hwth" 
mode of opi:i'ation a time jhared o.iec,: is nude of the extern ai 
function lines from the loO and l6 4. i le c oc-cin; rate is r yid 

enou^xi to rv-tuirn to s_ii' 'le e^ c cOi .iUter ' it in t.ie ei ,ht i.icro- 

oecoiius that t-e diinctjon ,ulse i- .resent. Cnee t .e initial 7^4 '.a 

is recognized, a alse is lorioed ' ice s . o les tie loiter ni.i.e bits 
of the code and sets the selected . lip- 'iop (or in t le case of a 
sense code for the 1604 , allo^js an . tput xjuloe to oe formed con- 
ditioned on the sen-e). 

The ability to cuear .lij. the o ... act llp-fl ’O iv i been in- 
corporated lising the extern 1 C-tear lines of the cO"i. irter in control 
(as selected by the mode switch). In a^dliion to tiiesc poiisibi- 
litie.s, t. e "clear/start ' control for t^.e JU- 5 i-e'-ory will clear 
all select flip-flops. fhe overall iiapran: of the control logic 
is sho'u’n in r'i ysre u-2. 
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;iystejn InpleLientation and Conclusions 
The preceedini^; chapters described the design details of the 
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functions to be perfoi-med by tlie DO- 'I'he coiviplete block diagrarris 

for Che JD-yo are shown in 'figures o-l and 8-2, The physical design 
of the unit recuires over 1,500 logic circuit cards. In addition to 
tiiese components, a number of power supplies and the deflection cir- 
cuits for the display tubes are requirec. This large number of com- 
ponenta, a number of power supplies and the deflection circuits for 
tho display tubes are required. Tliis large number of components 
prohibited a single cabinet design for the equipment. The digital 
logic hao been placed in a separata cabinet which also contains all 
tho low volta,_.e power supplies for the digital circuits and the data 
line terminations from the computers. The operator's console con- 
tains tho manual inputs and tlie display tubes as well as tne high 
volb'„go owur supplies to control the display tubes. Also incor- 
porated in tho operator’s console are the di "Ital to analog conver- 
sion circuits and the radar viico circuits, 

T'iQ eiitiro liystam olock d,jagra:r in shown in Fipjre o-5. The 
puloo HI L'J oj;- , video amijlii'ior, and video quantizer are designed 
foi' imj'iemoiitation on tlie same size printed cirenit cards us are 
used 1). t. 0 digital circuits. This allows t:.ese circuits to be con- 
tairiod witJiin tno logic cabinet of the The final confi^^ura- 

tion of tho ,U.U “05 led to tne proposed pi .cement of t.ie equipment in 
tho Digital ..utomution and Coj'iti'ol LubOT'atory as shown in tigui’C 6-k , 
The installation should bo comploted by August Ijyd. 
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syutti.. , ao de^ijned, allows a J'eat deao. of ^ 

fli3Aibilit,y . nc- , tlicrerore, a sinilar flexibility ii rooeect to 
uae of liu; oyuratcr ' 3 conoole. Jo atteuipt \'/ill be made here to 
flo'.v-chart or dictate the t.rpe of system prci^raua to he used vath 
the but a broad overview of possible functions will be uiidcr- 

tairon. The diHcucoion will be slauLe'.] to./ard specification of 
1 ibelo for the various overlays and operator keys. iee j'iyure 8-5 
for a i'.iai.,3;'am of entire operator's console. 

The basic set of oiiv’. t overlays could bo specified an folo-ows: 

a. Air ourvelence and flight follo.-iu^y 

b. nir intercept and control 

c. Pro jrarn compooition and do-bu(i'£;ing 

d . >ervo/iiC chi-uil sm design 
s. network synthesis 

f. library information retrieval and update 

g. Id near program, ling paclcage 

h. /jtntibtlcal analysis ,pac.kag'<; 

adiltionul sotf3 of overlays could be u.sed by n.erely Ciian ;in >; the 
fjywterr library tape iji the computing center. Tliinno overl.'.ys nave 
fcwufity unique f\met,ion h..eys available for use which, n >ve tb.e l,..bol.j 
ag'UieiatQd with tiium clmngod each time tho overltiy lo chan(;ed. 

Tbane labeiu and, lionce, the programmed functiona should include 

I 

only thoao fwntitiona which are not conn on to ,ili uaa;^} overl..i.ys. 

The iudivicludl labola ami as.-iociated program.^ cun aeterminod 
utily by (»ctunily outl ining each ovcr.lay pro r. m in coj.siacra o.i e de- 
tail. n few i.oouibln functions that could be a..4Soc j atad ith the 
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’’pro^ramiiiing'' overlay are the selection of the varioun langua,^es 
to be used for coding. These language select keys would, set up a 
format subroutine for accepting "symbol keyboarc" information. For 
instance, the "tab" key v.ould produce character spacing which would 
be compatible with the format normally used to input the language 
to the computer. .<"urther "step process" keys could be labeled for 
tlie storing of a completed program on a magnetic tape library or 
for a 'trace" mode of running for de-bugging purposes. 

Those functions which are common to all overlays are to be 
controlled by the ten function keys wnich are associated with light 
feedbaclcs, but whose labels are not changed with the overlay change, 
fne possible set of functions to he programmed with these keys are: 

a. Tube "0" display 

b. Tube "1" display 

c. "Display" track ball 

d. "Hook" track ball 

0 . "Drop" track ball 

f. iinter data 

g. Delete data 

ii. htart process 

1. dtop process 

J. Load library 

T'teae functions are tentative, but the set of functions described 
are comiiion to all the proposed overlays, and the suoroutines in- 
volved should not take many cells of the memory to implorneat. The 
track ball sequence, as proposed, will entail calling for the dis- 
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plr y of the tr.uck ball on a ;)ai'ticular tube, and then tne operator 
c :!j ..ove ttie dioplayeo. '’TB" syinbol to t’ne desired position by j.ove- 
i.;ent ol the track ball# Tlie "hooic" trac': ball can then be executed 
dich can have various meanings derjonding on the usage overlay. 

Pos sible uses of "^.oo.k:'' Vvould bo to insert a point or symbol at the 
dooi nated spot on the displ'>,y or the proces,:; could be reversed, and 
inforrii-ition corcerning tlie point vniic'i b designated by t!ie 
symbol could oe displayed . 'the "drop" track ball could be executed 
after either a "display" or "hook". This function com;.iand could 
ii)ean to delete a symbol or point from the display or drop the "TB" 
symbol and/or the amplifying information called up by the hook. The 
"Load", "start", and "otun" functions are proposed to be associated 
with tiio handling of ciisplny data within the computer. Por instance, 
to enter a line of data could moan to place it into pormanont stor- 
age location for ,;uroc easing /ifter tho tomporary (foi' display pur- 
pouea) Information has been verified as correct, 

i’he roi;.nining four function keys are to bo marked with direc- 
tion arrows and are proposed to be used to move an odjting symbol 
over tlie o,.osen dliaplay tube for purposus of locatin,’; the position 
for typing in or erasing information, 

fhe actual upurution of a system ns proposed would require an 
overl a / to bo inserted and a library load oxocuted. The coinputer, 
when ready to eom.'onco, would ligl^t ti.e "start" process light. The 
operator, upon dopreoalug the "start" pj’ooeafi button, causios tlie 
eenipufeer bo clrgn tlie aeloeted li,,;ht and stai't through the executive 
profrum, Upon roaohlni; var.iQiU) toiiits in kue mj,'o r u.o where- infor- 
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ri>ation is needed fi-om the operator, Vr^rioua li,^'ht3 or jroups of 
li. 'ij'o selected "oi\" by the coii^rmter. riie function labels 
associated with t!>e lit-;,l..t3 outline the required action or inputs 
to be init.inted by the operator. In this manner of re oly-request- 
display, tl\e man can thi-ead through the proi^rams in close associa- 
tion ivith tlie computer until the operator chooses to stop the pro- 
cess by depressing the "stop" function key. 

It is folt that the flexibility in usage of the command con- 
sole and the Sfjoed and packing density of the display information 
will proviuo an experimental device for man-computer syste.-.i3 -..hich 
will not rapidly become ob iolescent. 
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FIG. B-l BLOCK DIAGRAM OF THE SYMBOL a RADAR 
PAGE 79 GENERATORS a THE MEMORY 
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FIG.8-2 block diagram OF THE CONTROL CIRCUITS 
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iJescription, use anc. codir.g of a l ontrol Jatu Corporation 1 .-04 
Xjrwgrarn for UiCchanising portious of the design of digital oquipaient 
Msiiig Control data Cor do rat :i or. type lo.pc earns a'id foir.i.at. 



i'his appendix is written in standard 



■'Co-op"” program descrip- 



tion form. 



j:..'cam :les of sample out 'uts and inp’.'ts are shown i.n figures ^-4 
through k-/ of this thesis. 



1 



^ o — o p ‘ ' 



org' niz ation . 



is t e 



C'ontrol D.ita .orporation j. 60 -’ user group 



• 






Title; Card A3 oi _,nment and Airing List Assernnier for Control 
Oota Corporation Input iile of equations 
Categ’or.y: .O'^ical .Desi(j-n ^id 

iro^T-u::;- er : C. G. Lpn.vson 

date; 30 January 19u2 
B. PJALOGL 

This routine is a composite of two oepar;ite functior.G: 

1. It coj.-pletes a file of equations and asji,,ns card types to 
each equation for a given set of in 'ut eq atiors. 

. It also coraputes and lists a wiring table if chassis loca- 
tions for each section are designated. 

In order to accomplish the first function, n juagi;etic tape con- 
taining punched cars i :a„es of the in 'Ut equations are processed by 
coiiipiling an input table for the entire set of oqu.vtions. This 
table is then searc’ ed to naka up a list of outputs for each card. 
The nuf-ber of inputs and outputs are then counted and logic cards 
are assigned, based upon the constraints of the fcuuily'- of cards. 
Certain special card types may be designated in the equation state- 
ments by i.pecial symbols. I'-ie number of cards required ax-a counted, 
during tnis process, and any erroneous equations are no tec. The 
output at this point is a raagnetic tape having- the oi'i ,inal input 
equ.ations, each followed by a line containing the card tyTJe and a 
list of outpxit des tii'.atioiis . Also, for any erroneous e tuations a 
star is placed in the left column adjacent to the equations. 
oll-.^iving the equation file on the tape is a list of the card types 
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aiid tlu; tota^ uuiuoer of '-'ach ref uired for t Je. ^ a. 

i" e aecond oart of t le oro ,ra.u to ■ . e ol b ~ut b- ie o. v;n.r'in^ 

tahuiaLion of the intercard V'irc3. Ir ordei' bo a- .e up '-.virc tabfi" 
the location of eacli section must l.-e leui i-nated . h i o if: oor.e by 
aldin-f, the location information to the Tmijcho ’ c;-ir ■ for each equa- 
tion. Th.e program i:: then run v/ith jump key one set aiu, V'/it’ an 
in-ut of a ma.nictic tape contfiiiiix., the tiuscl.ed cai'd ima ;oo f tae 
equations aid locations. .hen t.here is a cj'.oice of ;iri.i tv;ecn 
poii.t-:;, the pro.^ran coi;if.m.res lenqtiis and asui paS ti'e ahori.e.. t 
interconnection pousiule. T' e output i-' no." a ma .etic ta; e ’.ich 
contains all of the outj.;ut lints. 

ihe pur pose for se^...v,ratin;, the proo'rain ol t ..to t..3 a to con- 

sider ticn of design proceedures. In j;ost c?..:en t o file of e, ua- 
tions are v/ritten from logic diagrams .diich do not necG.SGariJy apuvi 
all the ottvUt mires. fhe clarity of the ( i.a ms is impi'oved if 
fewer interconnection lines need r e shown. Therefor-^, tae t,'; pe card 
c-'niiot always be as..;igrie.,, before fiiioit g hof; i.ai.y out,, -ks re 
..ee..ad. ,xlso, if the total nu;r;taer of outputs re uired are i,:ore 
th..n tie le.gal pos.sible nur ber of out uts, paral.cli.. ; o " s.i.,nils 



i.: necessary. 


.ie..,e consider;. 


tion 


s dictate t 


.t t’.e CO. 


lotion of 


a uesigii bo none 


i-.' tWo jai'ts. 


1’, 


e fix' :t part 


i.^ to xi. 


. 1 oat tiie 


earn typics iieco.o 


s.ary anti to fjoint 


out any erx'or.s ii t. e 


e us, ti on J. 


Ta e location for 


the sections 


m ay 


i'lou' bo 


. ^ 0 - * • 


:o'i tj.e 



. Ovviedj_,e of card types and, also, any coa inactions .naj e ...-.-red 
into the input equations by changing t..e err'oneou.: unchef. c r - . 

i'.e new ir 'luts will now allovi tlie out.out of ill tie -..eoli'ed lists 
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t. c 



-eqiiarce : 

O'- Dioctal tape at jresont tir-'c 
t. '.t'.rt location =5^'-' ■ 

c, w:;icce._;a.ri-l con. 'loti on lo.iVeo; ioo- i... U 
r:,'u,..oi t3 : a one 

■joace requir ed: 1 ,v>.y cello 

le .1 )or .;i\ 3tor.a,e x'o uirGasi.ts ; liUO + iSX (i..a of i.i- 

;ut equ.itioiis) 

/■larriis : none 

or ror returno : innie 

^n-ror Gto .o : in b if output c:itor:a not s^tio. . ca 

(;.niy ..e I'eatarted if desired as errors .vill oe indicated on 
ri nto.: t ) 

led in 1 if i;.con,.istant;ies ii des.' nation 

are e:. countered 

■^n jut and o:;t nut l^- .pe i . oaj itin,’;s ; 

a. . Input : 

V ) doi-.rcc tap-.-. : t 1 _o2 

b. tput: 

(1) Output t . e a: ^ . -'l luo 

n put _i n d outyj u t .'o rif ats : 

cl. J ii at : -J oO cl ;i\ c Lcr car.^ ioiapo of in ,.^ t equations. 

Jia.'ut e ;u.utions ’Vi'itten in sta.-uai'u for at (see 

I’efer one --S ) . 
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(1) Input for card aoci^ninent only (,'ump t;ey 1 not set); 
(a) inch ton*, must Ciunsist of four ai[d)cj.nui..eric 
ch..r ctors, 

^b) l?he fuiiction must be tJ'o first terj.'i of the 
en nation . 

;,c) T' e only restriction© on spacing or locations on 
the card is that columns 7> throu,y}i 8o be set 
aside for insertion of location :vhen as.ii^^’ned. 

(d) IM'.e followini^ cmiracters are defined as opera- 
tors ,vhon used in a logical e;^uation; 

space m 

(e) All entries follo’.ving ,/.,*,() are treated 
as remarks, 

(f) r> maximum of l6 input terais may be \;sed in an 
equatior\ 

(,j) A maxiKium of 100 output uses will bs coi;ipilod 
for a ['unctioiL 

(h) .hen inserted anywhere i'o llovr i.n tiie e a nation , 

these uyi'iiiols deflno uni uc t,/i)0s of Cards: 

• invex’ters (svrier, 10 and sO) 

’ ;rilp”flo])s (serl, 0 i:; jO) (one 

fli.ti-f lup per card) 

„ input enrhu, (bl) (tnree in- 

vortera per card) 

/ out/nit cards (^>7) (three in- 

vertera per ea.rd) 

, clock cards (01) (two oacilla- 

turo ner card) 



yo 



( 


si..gle inverter 


d;.j) (three 




i I . V e r e r s ; > or car 


o) 


) 


diode luiiout (sO- 


} ( th.roe sets 




of bh.ree eiod.es e 


aph per card) 



(i) If flip-flops (series ^0) de'i ,n... ted, the pair 
ineut oqeatlons should he ar- .iacent , and the im- 
plicit input should be t -e first ter:<’. 

(2) Input for complete pi'Of^ra.; (Jump key one set^': In 

auttition to (c\) thruug'i (i above, the locati.on j/iust 
be type;! into columns 7V through jO and should have 
t.o following format ; 



Iri:out card 

cod wi-i 1 1 


77 


7> and 79 


Sc 


i-icanin p 


ROi 


GOT UKI! 


nsGTlTit 




t'lru R 


01 thru 9d 


.1 for 1 series 


Allowable 

contents 






A OP C op d_0 j>0 coi*j-GS 

or cloc:: .80^ 








.ifii or C i"oi' oJ sei'ies or 396 



Columns 71 thi'ouj;: 7b can be used to idc.-tify 
Oha-sis. 



b. Outputs: 120 charcicter line ima, e in prograra control 

fcrrtint for listing on output tape A. 

(1) Outputs fop card assi.jni.,ex:t only (jump ]:ey 1 not set) 

(a) conmrients lines where applicable 

(b) in ut equation lines as read in 

(c) outout lilies with card type followed by list of 
outp'-t locations (followi;iq e xci: input line) 

(d) tabulation of tno number of cards necessary to 
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iii_.j...ai';ent tlio de3X:jn. 

(e) Ix aii.v eiTor-i; occu;r, o :ch as; too x-iny uX’ 

outpiutG, no .iSoi.jn: .cnt is i.iade and an ei-x’ur 
ay-iocl is placed in the out. 'at line (algn._, with 
an eii-or atop). 

(2) Outputs for complete program (jump k.ey one set;: 

(a) as above 

(b) input equation lines r.duus the location informa- 
tion 

(c) output lines v/ith location and card type 
followed by list of output locations ( foliov.in;; 
each input line) 

(d) as above 

(a) tab'ulation of 'riri g d--.ta containing the 
following; 

(e-x) origin and destii.ation by row, column a.od 
pin number, if an intern.^1 card or by 
designation if external input 
(e-2) designations of the above origin and 
(jlestinations 

(e-3) wire length in ir'ches 

(e-d) separation of ^u-ded groups by sy;.,boi * in 
left column 

1 0 , 3e-ective .jump ai.u s top .^ettinn.s : 

a. xirst run: rune - to obt'.jn c'a'*d types 

b. deconi ran: ...umjo key one set - to a3-lc/V p^'oces iintj of 
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1 o c a t i o a i xi f o r liiu t i on 



deoenao on nunber of i -put eoontiono 
i accuracy : r. o t, a 1 i c c. b 1 e 

C a ui.'.i(;no to .ioer : iMc tape orroro '.’'■o obcckod ii.. the 

routi fio . 

Ill v'l uut con .' J.^;,uration : lnd'4 -.vith t.vo 1 .jo7 

1037 tape mo antin-ja to include a "oov'-rtch tooe" on Ch^ lli^i 
of orenoea : 



160^1- Computer Instruction look, Vo.l. . i, Jescription 
and Opai'at.iono , Control data Cirporation 

b, IbO^ Coii'i.iutor Instruction '.'Ook, Vol. Irincipa.ls of 
Operationa, Control >. ta Corporation 

Cl ill Loberi.r 1)1 and ... .'einborper , formal ^'roceourei for 
Connectin>; rerodr.alo with a mini;.. urn i'otal ire i.an^th, 
. /.anoc 1 Computin'^,' h chinery, Vol. , no. ■’% 
pp. h.Hy-.'fo?, ru. tobvr, 19'57 














■rtT" 





t 



laaa 3 ier. i'ornia Ceu’d .Laai^-nmeiit 
and Jax'd Compilation 



\ h. > I v*’ / 

\ / 



Cnit li> i>J%’ 



4 v 



iiC <- 

\ r, <J f 







//y.r 

/ ** */•■' i 






-' 1 / 






V'’ 









.rTT) 



iir.r 



Vt“'> 



N/.. 







fj. V 

f (^-3 



CA V 1 »’ ■'/>.f\ 

r-'? ‘,:d:V-“'7 






'(CM't mamma 




'X 

!ami^ 

>/ 

-1 /J— X 

*f t##i* \ 









V *\ f\ 




1 

L 


/,, 



' i 7 ' ' 
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'wff 



.>u 

Ch 

C.(j: 



:.T 

j;<. I'opc.rt.; 
,jt ‘ ii’o 





ORC. 5 000 

UCM OAUT ONE OF THE LOCI 
l^EM SUHROUTINF VM-llOh COL 
REN LOGICAL fcOUATIGNS AN 
REM UN THE LINE lyMEDIAT 



05000 


50 


1 


ooono 




ENI 


1 


0 


6*5110 1 


1 ^ mi 


' 


ENA 

is? 


0 

J 


^llOUF 

0 


05002 


54 


1 


6 7 70(1 
0‘>C0 1 




i SK 


1 


67700 




75 


0 




-SL.J 


0 


/- 1 


0500 3 


20 


0 


05 253 


. 


STA 


0 


FLAG 




20 


0 


0S31Q 




STA 


0 


PA'GF 


0500U 


20 


0 


06C67 




STA 


0 


V-Al T 




20 


0 


06 064 




STA 


0 


COUNT 


05005 


50 


0 


oocoo • 

52 000 


INPUT 


L 51 


0 


0 




74 


7 




EXH 


7 


52 000 


05006 


10 


0 


0526 7 




EMA 


0 


IMUlFt- lOD 


6 1 


0 


00C05 




SAL 


0 


‘> 


05007 


74 


0 


52 0 2? 




E XE 


0 


52022 




74 


7 


52 COO 




EXF 


7 


52000 


05010' 


74 


5 


05.' 55 




EXF 


5 


INPUF 




74 


7 


52C00 




EXF 


7 


52000 


05011 


74 


7 


52C06 




EXF 


7 


52 006 


75 


0 


05 04 4 




SLJ 


0 


01 SASS 


05012 


74 


5 


05267 




EXF 


5 


INOUF+ lOD 


50 


0 


OOCOO 




FNl 


0 


0 


05013 


74 


0 


52C05 




EXE 


0 


52.005 




57 


1 


07226 




S [L 


1 


Gcr-ER 


05014 


12 


0 


0 7226 




I.UA 


0 


GOFER 




20 


0 


05 24 2 




S lA 


0 


TEMP+ 1 


05015 


75 


4 


05 202 




SL.l 


4 


FILL 




50 


0 


00 000 




l-NI 


0 


0 


05016 


50 


0 


OOCOO 


ei.ev 


E N I 


0 


0 




74 


7 


52C00 




EXF 


7 


5 2 000 


05017 


10 


0 


05102 




ENA 


0 


OLTI Ui’ HID 




6 1. 


0 


00005 




SAL 


0 


5 


05020 


74 


0 


5202 2 




EXF 


0 


52022 




74 


7 


52000 




EXF 


7 


52000 


0502 1 


74 


b 


052 7C 




EXF 


5 


OUTOUF+ 1 




74 


7 






EXF 


7 


52000 


05022 


74 


7 


52 006 




EXF ' 


7 


5^006 


75 


0 


05037 




Sl.J 


0 


TWELVE 


05023 


74 


5 


05302 




EXF 


5 


OUTBUE+ 1 ID 




74 


7 


42C00 


i 


EXF 


7 


42000 


05024 . 


74 


0 


42042 




EXF 


0 


4 2042 






0 


42003 




EXF 


0 


4200.3 


05025 


74 


7 


U2COO 




EXF 


7 


42 000 




74 


0 


42005 




EXF 


0 


42005 


05026 


74 


0 


52005 




EXF 


0 


52005 


05027 


12 


0 


05 253 




LDA 


0 


FLAG 


22 


0 


05456 




A. IP 


0 


PASS3 


05030 


10 


0 


OOCOO 




ENA 


0 


0 


20 


0 


05253 




STA 


0 


FLAG 


'05031 




0 


054 56 


i ■ 


SI..S 


0 


PASS.4 


75 


0 


OOCOO 


OUTPUT 


SLJ 


0 


0 




74 


7 


42 COO 




EXE 

STA 


7 


42000 


05032 


20 


0 


05246 




0 


TEMPE5 


05033 


72 


0 


053 10 


i 


KAO 


0 


PAGE 


10 


0 


Q5ifi6 




EMA 


0 


OUTQUF+ 150 


05034 


61 


0 


00C04 . 




SAL 


0 


4 


74 


0 


42C42 




EXF 


0 


4 2 042 


05035 


74 


7 


42C00 




EXF 


7 


4 2000 


74 


4 


05267 


i 


EXF 


4 


OLTRUF 


05036 


74 


7 


42C00 


f 


EXF 


7 


42000 


12 


0 


0524 6 


t 


L DA 


0 


TEMPfS 


05031' 


7'j 


0 


0503 1 




SLJ 


0 


OUTPUT 


75 


4 


C5C77 


TPLLVc 


SLJ 


4 


EX 1 RAC r 




50 


0 


OOCOO 




EM 


0 


0 


05040 


75 


4 


05C.3 1 




•SLJ 


1* 


OUTPUt 




50 


0 


OOCOO 




l;M 


0 


0 






050'4 i 


1 2 


0 


0'>262 




LOA 


n 


SPACb 




20 


0 


0 5 2 6 7 • 




S TA 


0 


OLTRUl 


050ii2 


20 


0 


05^05 




S FA 


c 


ni.TIUJb+ 140 




12 


0 


0524 1 




in\ 


0 


T P P 


0t)0ii3 


5 0 


0 


00 COO 




hWI 


0 


0 




7 5 


0 


05 125 




S’-J 


0 


Sb ARCH 


050i;4 


50 


2 


00 COO 


0 1 SASS 


b .vil 


2 


0 




50 


3 


00 COO 




t- < i 


3 


0 


0904 5 


50 


4 


OOCOO 




f- \I 


4 


0 


0504 6 


58 


5 


88888 




b ‘4 ( 
1 '1 1 


5 

6 


0 

0 




10 


0 


OOCOO 




l.-h\ 


0 


0 


05047 


16 


2 


05255 


O'it 


LHO 


2 


I OHUF 




50 


0 


OOCOO 




b ''i I 


0 


t) 


05050 


0 5 


0 


OOCOO 


T 


A-.S 


0 


6 




20 


0 


0524 1 




SCA 


0 


It OP 


0505 1 


10 


0 


OOCOO 




! NA 


0 


0 




07 


0 


one 06 




0 -S 


0 


6 


05052 


5 0 


6 


OOC 1 3 




*■: .V I 


6 


110 




50 


0 


OOCOO 




1 


0 


0 


05053 


6 a 


6 


05206 




bOS 


6 


L 1 ST 




7 5 


0 


05063 




5lJ 


0 


Tl-iRlIE 


0 5054 


10 


6 


OOCC.O 




i:i'iA 


6 


0 




22 


1 


05 0S6 




A J 0 


1 


/ + 2 


05055 


1 0 


5 


OOCOO 




rNA 


5 


0 




22 


0 


05G 72 




A Jf 


0 


F I V b + 2 


05056 


10 


6 


OOCOO 




h AJA 


6 


0 




15 


0 


0'.2S4 




SUP 


0 


UNI FS 


05057 


22 


3 


05 0 7 1 




A JO 


3 


F I Vb+ 1 




5 1 


6 


7 7 1'7 0 




I VI 


6 


-7 


05060 


55 


6 


05C6 1 
05C C5 




.1 J P 


6 


/+ 1 




75 


0 




Sl J 


0 


OR 


0506 ] 


55 


6 


0 5C62 




I JP 


6 


/+ 1 




75 


0 


05C75 




S-J 


0 


OH 


05062 


10 


0 


OOCOO 




b 'lA 


0 


0 




75 


0 


05067 




1 L J 


0 


bCUP 


05063 


70 


0 


0524 1 


liiROi-: 


i;An 


0 


T, 




SO 


0 


OOCOO 




L- i\] I 


0 


0 


05064 


54 


3 


00C03 




: SK 


3 


3 




75 


0 


05067 




SlJ 


r. 


FOUR 


05065 


70 


1 


16000 




RAO 


1 


ALLA 




5 1 


5 


nneo 1 




I \I 


5 


1 


05066 


51 


1 


coco 1 




1 INI 


1 


1 




10 


0 


OOCOO 




b VA 


n 


0 


05067 


54 


4 


OOCO 7 


FOUIC 


I SK 


4 


7 




75 


0 


05C50 




SI.J 


0 


TKC 


05070 


54 


2 


00 no 


F [ VI? 


1 SK 


2 


1 0 




75 


0 


05C47 




SLJ 


0 


ONE 


05071 


54 


5 


00C22 




1 SK 


5 


22 




75 


0 


05C73 




SLvJ 


G 


/ *-2 


05072 


75 


0 


05 COS 




SLJ 


0 


I NPUT 




50 


0 


OOCOO 




uNI 


0 


n 


05073 


10 


0 


OOCOO 




l_ N A 


0 


0 




20 


1 


16C00 




S FA 


1 


Ai.r-A 


05074 


5 1 


1 


OOCO 1 




IM 


1 


1 




75 


0 


05G7 1 




SLJ 


0 


/-3 


05075 


12 


0 


05455 


0< 


LOA 


0 


B I T4ii 




20 


1 


16CO0 




S FA 


1 


ALFA 


05076 


10 


0 


OOCOO 




t. A 


0 


0 




75 


0 


05 C6 7 




SLJ 


0 


FOUR 


05077 


75 


Cl 


OOCOO 


EKmACT 


SLJ 


0 


0 




10 


0 


OOCOO 




b VA 


0 


0 


05 10 0 


50 


5 


OOCOO 




c V' I 


5 


0 




1 6 


0 


05 270 




LOU 


0 


nLTBUF+ 1 


05 10 1 


05 


0 


00006 




A L S 


0 


6 




20 


0 


05 24 1 




STA 


0 


T L 0 P 


05 1C 2 


1 0 


0 


OOCOO 




i. VA 


0 


0 




50 


0 


OOCOO 




L.'il 


0 


0 


05 103 


07 


0 


00 006 




LLS 


0 


6 




50 


6 


noc 13 




L \'I 


6 


1 ID 


05 1C4 


64 


6 


05 2 06 




LOS 


6 


LIST 




75 


0 


05 107 




SLJ 


0 


/■»3 


05 1C^5 


10 


6 


OOCOO 




Lima 


6 


0 



99 



w 







?2 


0 


05 172 . 




AJP 


0 


TENA-i 


0bl06 


7 b 


0 


05 102 




su 


0 


/-4 




30 


0 


one 00 




f I'l I 


0 


0 


Ob 10 7 


70 


0 


05 2 4 1 




KAH 


0 


TEMP 




30 


0 


00 COO 




EM 


c 


0 


Ob no' 


54 


5 


0000 3 




I.SK 


5 


3 




7b 


c 


05 10 1 




SL .1 


0 


/-7 


Obi n 


50 


.‘S 


OOCOO 




EMI 


3 


0 


fib n 2 




2 

0 


coeqo 

Qb'n 1 






2 

'1 


0 

H A K. I.= i 






0 


oocoo 




I:MI 


0 


0 


Ob 1 I i 


16 


2 


052 70 




LDO 


2 


OUT BUI- 1 


50 


0 


OOCOO 




l:NI 


0 


0 


Ob 114 


10 


0 


OOCOO 




EM A 


0 


0 


50 


0 


OOCOO 




EMI 


0 


0 


Obi 13 


07 


0 


00Cf)6 




US 


0 


h 




50 


7^ 


oocn/ 




b I 


6 


7 


05116 


64 


6 


05206 




tes 


6 


LI ST 


75 


0 


03 120 




SLJ 


0 


/f2 


03117 


• 7S 


0 


05 122 




SL J 


0 


/k3 


50 


0 


OOCOO 




EMI 


0 


0 


05120 


54 


3 


COCO 7 
05 1 14 




I 5K 


.3 


7 




7 b 


0 




SLJ 


0 


/-4 

ao 


Ob 121 


54 


2 


OOC 10 




I SK 


2 


7 b 


0 


05113 




-SLJ 


0 


/-(J 


05 122 


12 


6 


03 2 32 




U A 


6 


CAilO? 1 


20 


0 


05 ‘05 




SI A 


0 


nUTBUI y 140 


0312.3 


12 


6 


0322 1 




UA 


6 


CHICK 


6 1 


0 


0324 7 




SAL. 


C 


EIGHT 


03124 


75 


0 


050 7 7 




S 1. J 


0 


tXTKAC 1 


50 


0 


OOCOO 




L I 


0 


n 


03125 , 


53 


1 


0524 2 


5F ARCH 


UL 


1 


fL-MP+ 1 


50 


3 


OOCOO 




l:r,I 


3 


0 


03126 


16 


0 


06 1 1.3 


SI X 


LI 0 


0 


LCMASr. 


50 


0 


OOCOO 




1: MI 


i' 




03127 


66 


1 


16C00 




1- Q 


1 


A LI- A 


75 


0 


05 14 1 




SI. J 


(> 


PLILO 


05130 


5 7 


1 


07226 




•S 1 1. 


1 


OOhEK 


12 


0 


0 7 2 2 6 




U A 




GO HER 


03131 


04 


0 


OOCOO 




IrKO 


0 


0 


22 


0 


05 14 1 




A JP 


0 


RLIU' 


05132 


25 


0 


05 2 30 




I'Vl 


0 


I NCRH 


23 


0 


05 140 




Iv JP 


0 


se VI"N 


03133 


5 7 


1 


0 7226 




SIL 


1 


OOP I- R 


12 


0 


0 7226 




Lf'A 


u 


GOFER 


Q3134 ' 


2 1 


0 


032 31 




Si 0 


0 


OECIUM 




15 


0 


052 3 1 




Sl.R 


0 


OECRM 


03133 


20 


0 


0323 1 




SI A 


0 


DECRM 


53 


2 


032.3 1 
06 1 13 




LIl- 


2 


OECRM 


05136 


16 


0 




Ll'O 


0 


LOMASK 


4 4 


2 


16C0Q 




LI L 


2 


A L H A 


03 137 




3 


033 1 1 




SI A 


3 


BETA 


51 


3 


OOCOl 




I Ml 


3 


I 


03 140 


12 


0 


05 24 1 


Sf VCM 


Ll.'A 


0 


r i; PP 




75 


0 


03 126 




SLJ 


0 


S I X 


0514 1 


75 


1» 


05202 


ouiin 


SLJ 


4 


FILL 




50 


0 


OOCOO 




EMI 


0 


0 


03 142 


73 


1 


Oh 143 




SU 


1 


/+ 1 


75 


0 


05 144 




SLJ 


0 


/f2 


05 143 


12 


0 


06C66 

05270 




LPA 


0 


HOLD 


05144 


20 


0 




S 1 A 


0 


nUTHUF-i- 1 




3 


0514 5 
03 167 




I JP 


3 


/+ 1 


05 145 


75 


0 




SLJ 


0 


PR NOME 


10 


3 


OOCOO 




i:MA 


3 


0 


0ai46 


15 


0 


0524 7 




SUH 


(.) 


EIGHT 


• 


3 


05 150 




A JP 


,3 


/t2 




20 


0 


0525 1 
05267 




LI A 


0 


STAR 


0514 7 


0 




STA 


0 


OUTBUF 




■f2 


0 


05253 




KAO 


(, 


FLAG 


03150 


75 


0 


05 1 52 




SI J 


0 


/P2 




50 


0 


OOfOO 




L MI 


0 


0 


03131 


75 


4 


05202 




SLJ 


4 


FILL 




30 


0 


OOCOO 




EMI 


0 


0 



05 Ih? 


50 


It 


00G02 . 




L- N I 


4 


2 




10 


3 


on coo 
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' • L’O'-lin .’• 

The external function in.? ti-uc tion (7^) acts in t.uree 
dii'ferex’.t ii.odeo tc ,ive (a; activation of ii, channel; (b) sensiniT 
ut condition at an external e'^uipment or (c) selecting an ox- 
tor.'.al equij')i ent to co.?imuni cate v;it a tlie coni .:utei' , 

['■■■fc ch.nnel activate .sub-inr. true t ig.n.? . 1 tiirou^ii 7^i , o ai’e 
interi/retoJ a.s follo'. 
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b'einp, sensed 

. j?n; If the senrjod condition i.s :;iet, a full exit f I’Oiit tl'.e word is 
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